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INTRODUCTION 
Purpose and Scope 
This investigation consists of a detailed hydrogeologic study of the 
occurrence and movement of groundwater within the regolith aquifer siçply-
ing the city of Ames, Iowa. Previous investigations "by Backsen (1963)3 
Schoell (1967) and Kent (1969) have provided information on the areal 
extent and general physical characteristics of the aquifer. Ver Steeg 
(1968) analyzed the aquifer "by constructing an electric analog of it. 
The purpose of this study was to analyze a mich smaller area than 
previous studies so that the existing Ames well field could be evaluated 
in detail. Future expansion of the field might then be accomplished in 
the most technically sound and economically feasible manner. The vari­
ation in thickness, perssability and transmissibility of the aquifer was 
determined using field data. The relationship of municipal pumping to 
the okunk itivsr stage aad to a phenol contamination source was also an­
alyzed, Recommendations are included in the final section regarding fu­
ture control and expansion of the Ames well field. 
Location of the Area 
The study area is located in Story County, Iowa and covers a 40 
square mile area which is located mostly within the city limits of Ames, 
Iowa, (Figure l). The Skunk River and its tributary Squaw Creek are the 
two major perennial streams in this area. 
Figure 1. Data distribution and location map 
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Previous Investigations 
An appreciable amount of Information is available regarding the by-
drogeology of the Skunk River basin either as published reports or as Iowa 
State University theses. This is due to the Cooperative efforts «nri the 
support of the Iowa State Ifaiversity Engineering Research Institute, Iowa 
State Water Resources Research Institute, Departaients of Earth Science a-n«^ 
Civil Engineering, the city of Ames and the United States Army Corps of 
Engineers. 
Zimmerman (1952), Backsen (1963), and Schoell (I967) have shown that 
a meandering channel dissects the bedrock in the vicinity of Ames. They 
further noted a partial coincidence of the bedrock channel with the modem 
channels of the Skunk River and Squaw Greek in the Ames area. Schoell 
(1967) has identified these two bedrock channels as the Skunk and Squaw 
channels, respectively. These teras were adopted in this study. 
The hydrogeology of this area has been discussed in a detailed report 
to the to the United States Corps of Engineers by Sendlein and Dougal (1966), 
Kent (1969) completed the preliminary hydrogeologic investigation of the 
Upper Skunk River basin which had been initiated by Backsen (I967) and con­
tinued by Schoell (1967). Using a regional "basin approach," aided by geo­
logical and geophysical techniques and water quality analysis, Kent prepar­
ed a series of maps showing the chemistry and mode of migration of ground­
water. He concluded that bedrock aquifer is recharging the basin ground­
water supply and this basin recharge exceeds the present demand placed on 
the system by the city of Ames» 
Groundwater occurs in a regolith aquifer ccoçosed of sand and gravel 
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occupying bedrock lows. The sand and graveL formation is of Pleistocene 
age, '^verlain by g3.acial drift and thus confined in most places eocc^t 
along the Skunk Blver vhere they are in contact -with modem (Recent) alltu-
vlum (Sendleln and Dotigal, 1968). Aquifer constants (permeability, trans-
misslbility, storage coefficients) determined by previous workers (Ver 
Steeg, 1968; Backs en, 1963) from punçlng tests, produced values for the 
transiTiJ ssibllity and storage coefficient in the range of l.ii6 z 10^ gpd/ft. 
to li.37 z 10^ gpd/ft. and 7»l5 x 10 ^  to 1.^3 z 10"^ respectively. 
6 
METHOD OF INVESTISATIOS 
The investigation was divided into two phases, coaçilation of exist­
ing data and collection of new liydrogeologic information in the field. 
Field work was subdivided into geologic, geophysical and hydrologie in­
vestigations. The purpose of this section is to e:çlain methods and tech­
niques of data gathering and the distribution of data, points* These data 
are presented in the appendix» 
Cozmilatlon of Existing Data 
Aerial photographs and topographic map coverage is available for the 
study area. Aerial photographs of the United States Department of Agri­
culture, 1939 and 1953 series at a scale of 13 20,000, and aerial photograph 
enlargements at a scale of approximately 1:12,000 exist for the entire area# 
The United States Geological Survey Aaes Quadrangle g at a scale of ls62,500 
and contour interval of 20 feet, also covers the stux^ area. Moreover, 
topographic maps produced by Abrass Asrisl Surrey Gorpcration for the city 
of Asaes are available at a scale of 1:1,200 and, a contour interval of 2 
feet. 
Geology and groizndHater information was obtained from saaçle logs pre­
pared by the Iowa Geological Survey and drUlsi^' logs cf the following 
drilling coroanles: Dewey, Eawertz, and Layas-'festem. Additional well 
log information was obtained frcm data ccsmlled by Backaen (1903), Schoeil 
(1967) and Kent (1969). 
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Hydrogedogical InTOstigatian 
Geologic iirrestigatlon 
Geologic field work was carried out In areas "wnare surface and sub­
surface information was lacking» The geologic phase consisted of (1) shal­
low auger drilling and (2) bore hole drilling. 
Shallow auger drilling Shallow test holes were drilled with a 
"Hardsocg Auger." This is a pcwer-drivBn earth auger with a Wisconsin air-
cooled engine. It can bore holes three inches in diameter^ and under fa­
vorable conditions may penetrate to depths exceeding 60 feet. The suasBary 
of auger hole records is presented in Appendix Aj their location is shown 
in Figure 1, Mary of these holes have be^ cased and preserved as ground­
water observation wells. 
Test hole prograia Eight test holes were drilled to aid in mapping 
the bedrock corfiguration and ascertain the nature of the aquifer materials 
in the Skunk Elver area at Ames. Three other holes were drilled in the 
Squaw Creek area. 
These holes, which penetrate the entire thicknsss of the unconsoli­
dated laaterial, were drilled by hydraulic rotary rigs of the I.ayzs=% stem 
Com)any. undisturbed saz^les were collected every 10 feet, or at any 
liihology change, and the h^es were electrically logged upon conçletion. 
Most of these holes are cased and utilized as groundwater observation wells. 
The geologic description of cuttings and the electric logs for these holes 
are Included in Appendix 3; their location Is J it\wow - —o 
Sieve analyses of both undisturbed and disturbed sarnies were 
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detect vertical variation and range of sizes of the aquifer materials for 
each test hole. Resulting gradation curves are presented in Appendix C, 
J2istur"bed or "washed" sançles reveal coarser grain-size distribution be­
cause finer sizes have been removed during drilling. Sieve distribution 
curves, presented in Appendix C are helpful in designing the slot opening 
of the screen and the size of gravel pack needed. Sieve analysis data as 
well as the description of cuttings and electric logs of a test hole lo­
cated at the northeast comer of the intersection between 7th and "WLlson 
Streets, Ames, Iowa (test hole #55 Figure 1, p. 3) were used to design hy­
draulic specifications of the latest city -well (well number lU). 
Geophysical investigation 
The geophysical phase of this investigation included the electrical 
well logging of bore holes and a seismic refraction survey to deternrine 
depth to bedrock. 
Electrical well logging Electric logging of bore holes was accom­
plished with a Vfidco type PR. logging instrument which simultaneously mea­
sures self-potential and electrical resistivity. The logs recorded are 
presented in Appendix 3. Description of cuttings, sieve analysis of un­
disturbed sançles and eltîctric well logs (Appendix B and C) indicated that 
the beds composed of coarse sand and gravel produce a pronounced "kick" on 
the electric log. 
SenSLein (1968) lists two advantages for using an electric logger in 
a bore hole program (1) the contact between lithologie units is determine 
ed accurately and (2) ijie physical characteristics of the units can be 
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determined by a combination of the self-potential and electrical resistiv­
ity CTxrves, Inspection of logs presented In Appendix B of this r^ort in­
dicates that a good correlation exists between electric and sas^le logs; 
moreover, the exact depth to sand and grav^ -units of the basal aquifer 
can be determined by observing their sharp contact with overlying till 
deposits. 
Selsad-c refraction progrsia The theory of the seismic refraction 
technique is summarized by Staub (1968) and dissrossed in a considerable 
detail by Jakosky (i960), Kent (I969, Appendix D) has developed a ccnçuter 
program to conçute the depth to bedrock for a two and three layer case. 
This program was modified sli^tly aiii used for the evaluation of data col­
lected in this investigation. 
The seismic Instrument used was a Geo^ace GT-2A portable seismic re­
fraction system, manufactured by Geo space Corporation of Houston, Texas. 
Signals from 12 geophones, the detonation instant, and timing lines are 
recorded on a polaroid film. Twelve geophones, ^ aced 50 feet apart in 
the Skunk River flood plain studies and 105 feet apart elsewhere, were used 
for 600 feet and quarter^mHe ^ reads,. respectively. The cable was laid 
in a straight line, generally along the edge of a farm road, and geophones 
were placed at take-outs on the cable. The first geophone was usually 
placed 25 feet from the shot point. Two shots were made for each spread; 
thus, records were obtained from both ends of the cable. Elevation correc­
tions -were not needed because each ^read was kept appircadmateiy levslc 
A hand auger was used to drill shot holes eight feet deep and 2-5 
inches in diameter. The holes were loaded with Red Cross dynamite sticks 
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containing i|.0^ active contents. The sticks were inches in diameter and 
16 inches long. A three-qnarter length or a full stick of dynajoaite was 
encugh to produce a satisfactory ammmt of energy. The e:qplosive was prim­
ed with an instantaneous electrical blasting cap which was attached to a 
12-foot long-cap lead. The charge was tauçed with anger cuttings, anri it 
was electrically detonated in synchronization with the instrument. A two-
sian crew (incl-ading operator) was sufficient for shooting the short spreads. 
The refraction program was planned to determine depth to the bedrock 
and changes in lithology in areas where control was needed. The seismic 
exploration was centered along the Skunk Blver flood plain where 20 sta­
tions were established (Figure l). Additional data were collected, in the 
•vicinity of the Squaw Creek channel* Table 1 is a summary of seismic re­
sults. 
Table 1. Summary of seismic data. 
Location of Direction of 1st Velocity 2nd Velocity Depth to the 
The Station Shooting (vO, ft/sec; ( V J., ft/sec) Bedrock (ft) 
N - S 8197+1189 15698+1022 95+ 9 
3w ms Sec, 22 
- 921 - 90it - 7 
T, 8ii JS,, S. 2U "W. S - N 5738+1253 ll:89it+il95 76+13 
- 872 -1030 - 9 
E - W 5573+ 279 11:286+1030 96- 6 
SW SW Sec. 22 
- 25L - 900 - 6 
T, 8ii N,, P., 2k ¥, ¥ - E 5438+ 11-7 12375+1295 92+ 8 
- 139 -1071 _ 8 
E - W 6U10+ ii80 11290+1076 79+10 
3¥ Sec, 25 
- Iil7 - 90ii - 9 
T. dli No 5 Rc 2h Wo ¥ - E 5757+ 183 15152+ 183 119+ 6 
- 173 - 172 - 6 
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Table 1, continued. 
Location of Direction of 
The Station Shooting 
1st Velocity 
(VP,ft/sec) 
2nd Velocity 
(VI,ft/sec) 
Depth to the 
Bedrock (ft) 
E - ¥ 
SE Sec. 25 
T. 81; N., H. 2li W, ¥ - E 
N - S 
ÎIW Sec, 26 
T. 8ii N, R. 2i; W. S - N 
E - ¥ 
SE Sec. ?6 
T. 81; N., R. 2i; ¥o ¥ - E 
N - S 
Nlf Sec. 33 
T. 81; N., R. 2k ¥. S - N 
E - ¥ 
m Sec. 33 
T. 81; N., Ro 21; ¥. ¥ - E 
N - S 
ÎJT-7 NW Sec. 35 
To 81; N,, R= 21; % 8 - N 
S - ¥ 
!<!¥ Sec. 1 
T„ 83 N., R. 21; W. ¥ - E 
E - ¥ 
SE Sec. 11 
T. 83 N., R. 21; ¥. ¥ - E 
6329+1505 
-1020 
1762+ 1;1A 
- 372 
5102+ 208 
- 192 
6579+1010 
- 773 
5882+ 533 
- It5i 
5573+ Ili7 
- iko 
6I1.81+ h66 
- 1;07 
6863+ 520 
- 1;52 
$966* 11:3 
- 137 
56b5+ 639 
- 521 
5224+ li3l; 
- 372 
5352+ 278 
- 252 
58li;+ Ihl 
- 595 
5071;+ ih9 
- lia 
6181;+ 579 
- 187 
5573+ lli7 
- li;0 
155^0*3627 
-2L73 
1201^+1081; 
- 918 
16032+1826 
-IL87 
13158+1013 
- 878 
16196+2117 
-1685 
11316+1393 
-1118 
15672+1280 
-1100 
17602+1771 
"lh76 
17102+ 61;6 
- 600 
13816+1061; 
- 922 
1^.286+1635 
—1330 
16129+2743 
-201:7 
ll;000+1023 
- 892 
13610+1318 
-llOl; 
13i;62+li;08 
-1161; 
11316+1393 
-1118 
104+19 
-11; 
80+ 9 
- 8 
89+ 7 
- 7 
81+ 8 
- 6 
93+12 
-10 
91*12 
-12 
162+12 
-11 
155+16 
-11; 
157+ 6 
- 6 
12i;+12 
-10 
108+11 
- 9 
117+12 
-11 
12i;+10 
- 8 
132f 7 
- 6 
123+15 
-13 
9J4+I2 
-12 
E - ¥ 
3W Sec. 12 
T, 83 K,, R, 21; ¥, W - E 
561:3+ IU;6 
- 385 
5051+ 91U 
- 617 
9686+1255 
- 997 
i20ia+io8U 
- 918 
102+19 
-17 
100+17 
-12 
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Hydrological Investigation 
The hydrological phase consisted of collection of surface and ground­
water information using an observation network -which included 2h control 
points located in and around the city. Further^ an- extensive punçipg test 
of the city of Am.es wells number 9, 10 and 12 was made to obtain data from 
which the aquifer constants could be determined. The transmissibility 
variations of the regolith aquifer were then studied, as were the hydraulic 
characteristics of the piezometric surface before and during the punçing. 
Water elevation observation network 
ïîonthly observations of surface and grouzzAfater levels were made to 
evaluate (1) the relationship between surface water and groundwater regimes, 
(2) the seasonal fluctuation of groundwater and, (3) the relationship be­
tween groundwater piezonetric elevation fluctuations and the pumping of ttie 
city of An.es well field. 
Surface water stations consisted of staff gages and wire-weight gages 
installed in the following locations: Squas" Greek at Lincoln Way, Squaw 
Greek at 6th Street, Squaw Creek at South Duff Avena.s, Skunk Hiver at 
Lincoln Way, Skunk Hiver at 13th Street, Skunk Hiver south of Carr's Pool 
(Figure l)« Monthly records of river stage (the hel^t of the water sur­
face above a datum of known elevation) were obtained for each station and 
tabulated in a water elevation data book kept in the Sanitary "Engineering 
Laboratory at Iowa State university, 
Groundvrater stations included observation holes number 1 to 11 and 
13 
city wells number 2 and 8 (Figure 2), Water table or piezometric eleva­
tions observed at these groundwater stations daring the monthly meastire-
ments are also tabulated in the groundwater and surface water observation 
data book. 
Pusplrtg test 
'This program was a coordinated effort between the Departments of Civil 
Engineering and Earth Science, and the city of Ames Water Plant. 'Jlie pur­
pose of this investigation was to collect ground and surface water eleva­
tion data during an extensive punçing of the city of Ames well s number 9, 
10 and 12, after a relatively long period of recovery. The obsermtlon 
network scheduled for this study consisted of l6 wells. These observation 
wells were grouped into two large recovery loops and five smaller drawdown 
loops and three punçing wells (Figure 2), The puaçs were shut down, for a 
total of thirty hours beginning on Sunday^ Warch 1, 1970 at 3:00 a.m,j 
pmçing Was resumed on Monday, March 2, 1970 at 9:00 a.m. Wells number 9» 
10 and 12 were pucsped at an aecuiuulative average rate of 3,012 gpn, * 20 
gpm. 
During the recovery period, continuous observation of groundwater 
elevations were made for a"i"i observation stations located in the two sepa­
rate loops. Observers, equipped with aH automobile and all necessary equip­
ment, visited all stations in their assigned network and mads hourly readr-
ings of the depth to the groundwater surface prior to the pulping test, 
lïiiring the first six hours of the drawdown period, after punroing began, 
frequent observations were necessary. Therefore, observation wells were 
Figure 2. Observation network for the recovery 
and multiple ptmçing of city of Ames 
aquifer conducted daring March 1-1;, 
1970 
15 
jcu/'.w Creek 
1' th Street 
Recover}'' 
D - 4  
• Drawdown Loop ir 4 
A\ Staff Gagé 
o Observation A'eii 
• liSGS Recorder 
0 L1ty well, pumping 
0 City Well, stand-by 
Scale: 1" = 1^00' 
OBSERVATION NETWORK 
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groTiped into five smaller loops to permit visiting each well every 15 mln-
•ates, i?"urthermore, an extensive record of the drawdown rate was obtained 
for each of the three pinupiug wells. In the remainder of the drawdown test, 
hourly observations were made of stations gro'uped in the two larger loops» 
Summary of the working schedule and the names of investigators who partic­
ipated in this test along tfith the data gathered is presented in Appendix 
D. 
The only observation well in coirmon with that of 7er Steeg's punçing test 
of the aquifer conducted in 19Ô8 is observation well number $ which he re­
ferred to as observation well niznber 1. 
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GEOLOGY OF THE AMES AREA 
The area of study is mantled by Pleistocene deposits of glacial or 
glaciofluvial origin idiich are partially dissected along the course of the 
±vo jEajor streams flowing in the area. Underlying the Pleistocene d^osits, 
the bedrock (first indurated rock briow the regolith) sTirface consists of 
rocks ranging in age from Pennsylvanian to late Mississippian® 
Surface Geology 
The surficial deposits in the area of study consist of flood plain de­
posits of alluvial origin and upland deposits of glacial origin. The dif­
ferentiation between these deposits is of hydrogeologic significance be­
cause the former are more permeable than the latter. Thus, lithologie vari­
ations observed within these two main groups of surficial rock bodies play 
an inçortant role in the region's groundwater recharge. 
Flood plain deposits 
Flood plain deposits are the most recent deposits in the area of study. 
These deposits are found approximately parallel to the present course of 
the Skunk River and Squaw Creek. At the confluence of these streams, south 
of Ames, the deposits form a broad lowland plain. Flood plain deposits 
form an irregular but pronounced boundary with the upland till deposits 
(Figure 3). 
Flood plain deposits consist of charnel, overbank, terrace and collu-
vial deposits forming a coimlez mosaic. Observable geomorphic features in 
Figure 3. Sm'face geologic map of Ames, Iowa showing 
the distribution of surficial deposits and 
the trend of moraines (after Sendlein and 
Dougal, 1/68, p. 28) 
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this complex include (1j a series of small oolluvial fans alozig the present 
valley walls, (2) a few scattered terraces, (3J a flood plain surface cover­
ed by overbank silt, and (i;) the meander flood plain which consists of ir­
regular channel deposits and covered by a thin layer of overbank silt (Fig­
ure 3, after Sendlein and Dougal, 1968). 
The overall lithology of the flood-plain deposits consists of fine 
grained sand, sUt and clay» However, ertrene variations of lithology, 
both in vertical and horizontal directions, can be noted from a review of 
the records of auger holes along the Skunk River (J^pendix A). These de­
posits rest unconformably on the sand and gravel or the till of pleistocene 
age. 
Upland deposits 
The "Uplands in the area are covered by glacial drift of Wisconsin age. 
Lithologically, glacial till is composed of a heterogeneous mixture of sand, 
silt, clay and gravel-sized particles. The surface topography of these de­
posits is gently rolling to flat and consists of a series of low undulations 
termed swells and swales by Gwynne (1942). In areas where swell-swale pat­
terns are not modified by construction, they reveal a northwest-southeast 
and northeast-southwest trend (Figure 3), However, along the Skunk Hiver 
(below Am.es) and Squaw Creek (northwest of the study area) the regional 
trend of these parallel ridges is somewhat altered and they exhibit a scal­
loped pattern. 
Pleistocene stratigraphy 
Backsen (1963) noted the presence of three facial layers in this 
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region. He identified two till layers in the area of the Skunk buried 
channel. He described the stratigraphy of the glacial drift over the 
Sqtiaw Greek portion of the area as upper till, silt, intermediate till, 
sand and gravel, and, occasionally, a lower till. The occurrence of local 
sand units within the tçper and intermediate tills were also recognized. 
Pleistocene stratigraphy of the Ames areas, as interpreted froa well 
logs used in this study, (bore hole data book kapt at the Uspartasnt of 
Earth Science & Appendix B) is shown in tJie iscoaetric panel diagram. Fig­
ure U. The general sequence of strata from top to bottom is described in 
the following paragraphs# 
Upper till The upper till, identified first by Backsen (1963), 
may be traced with relative ease over iiie city. Its average thickness is 
about 60 feet, with the upper ^  - 10 feet consisting of yellowish-brown ox­
idised tills The present landscape for most of the city is the içper sur­
face of this unit. 
The upper till overlies and thus confine a thick sequence of sand 
and gravel identified as the aquifer in most parts of the city of Ames* 
Exceptions are found in locations where this till unit is removed by down-
cutting along the Skunk Elver buried channel. Gut and fill relationships 
are observed at the intersection of eastern boundary of Section 2 and 13th 
Street and the vicinity of the intersection of the same line with Lincoln 
Way (Figure k)» 
Backsen (Figure lù, 1963) mapped a "silt unit" below the upper till 
in areas north and east of the city of Ames. A review of the description 
of cuttings at the construction sites of the C. Y. Stwhen's Auditorium 
and the I.S.U. Coliseum, south of Lincoln Way on the Squaw Creek flood 
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plain, indicated that such a xmit might exist in this locality. However, 
there is no core available to permit studying the real nature of lithology 
for these sites. Furthermore, because both till and silt have low perme­
ability values, they are not differentiated in this study* 
A discontinuous sheet-like body of fine grained, gray to brown sand is 
found in most areas of the city within the upper till and beneath the val­
ley slopes. Locally, this unit occurs beneath 13th street, along the east-
em boundary of Section 2, and along and beneath the Squaw Creek Valley 
slopes west of the city (Figure li). The -upper surface of this unit has an 
elevation close to that of the datum on Figure 4; it attains an average 
thickness of 10 - l5 feet. Considering the lithology and areal distribu­
tion of this unit, it is interpreted as remnants of ancient flood plains 
occurring along the Skunk and Squaw Valleys. 
Intermediate till Intermediate till, as identified by Backsen 
(1963), consists of an oxidized zone up to 20 feet and unozidized zone up 
to 50 feet in thickness. Hepitition of oxidized and unozidized tills in 
a section is one way to differentiate these two till layers from each other. 
In the Ames area, aquifer sand and gravel is found to be in the stratigraph­
ie position of intermediate till. The only remnants of this till unit 
are lenses of till occasionally found withi.n the aquifer. However, the 
till layer mapped east of the city beneath the Skunk River flood plain 
might be correlateable with what Backsen (I963) distinguished as the inters 
mediate till. 
Aquifer The term aquifer or water bearing formation is a relative 
term used to designate a formation that contains a considerable amount of 
Figure I4,, Isonetric panel diagram showing the 
Plolstocane stratigi'aphy of the city 
of Iowa 
ISOMETRIC PANEL DIAGRAM, AMES, IOWA 
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gravity water. Meinzer (1923) points out that the economic value of a form­
ation -which is a source of water sxçply has to be taken in mind in defining 
it as an aquifer. He e^lains that; 
few if any formations are entirely devoid of gravity water but those 
that do not contain enorogh to be of consequence as a source of stçply 
are not rated as water bearing. Hence, it may happen that in a re­
gion that is underlain by formations yielding large quantities of 
water a formation that will yield only meager quantities will not be 
classes as water bearing • , • (Meinzer, 1923, p. 30), 
In the Ames area, gravity water occurs in the flood plain sand of modem 
stream channels, the sheet-like body of fine grained sand, anri the thick se­
quence of sand and gravel subcropplng beneath the tçper till (Figure li). 
The city of Ames municipal well s penetrate the tçper till and the screened 
portion of these wells is located in the sand and gravel aquifer. There­
fore, the stratified sands and gravels "which occur at the base of the in­
termediate till are considered as the aquifer in this rroort. It should 
be explained that if a city well penetrates throra^ a series of sand and 
PT'a'wT •Po'rmaT.-î nns TrÎT.n T rrl dtt 1 ongog , nT)rt T.riQ gr>/^  a i«ij ma" twi -Ko 
reveal an apparent hydrologie connection (for ezançle, test hole number 7, 
Appendix B), all these permeable units would also be considered as aquifer. 
The aquifer, as defined above, consists of a sheet-like body of sand 
and gravel about 60 feet thick ijMch extends throu^out the Ames area and 
subcrops the upper till. Observation of cuttings, drilling logs and sieve 
analyses of sasçles taken frcm the test holes drilled in the Ames arsa indi­
cate that the size of particles encountered in the aquifer increases •aith 
the depth so that coarse sand and a veneer of gravel "Kith some cobbles are 
found at the base of the aquifer» The thickness of the aquifer erceeds 60 
fast yhsre the sand and gravai accuzulatad in the Skunk and Squaw buried 
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channels are added to its thickness» Geologically, the aquifer might be 
interpreted as an outwash plain whose thickness and configuration have been 
modified by sand and gravel deposited in abandoned or buried valleys (Fig­
ure ];). 
Ver Steeg (1968) prepared an aquifer thickness map using existing bore 
hole information in the area. This map has been revised to coincide with 
the aquifer configuration and thickness of the aquifer as it was found dur­
ing the present study (Figure 5). The lithologie sequence encountered in 
test hole number 8 (Appendix B) indicates that the aquifer does not exist 
in this location. As a result, a till nose mapped by Ver Steeg (1968, p, 
13) at Section 36, T, Sit K,, R. 2h W. was extended to the location of this 
test hole ( S% of Sec. 2, T. 83 No, R. 2k W,)* Moreo-ver, test hole 
number 7 (Appendix B) indicates that the thickness of the aquifer exceeds 
the value assigned to it previously. These differences required a minor 
alteration of the map (Figure 5). 
Lower till In the Squaw Creek section of the study area, a lower 
till body directly underlies the aquifer- So oxidized zone is identified 
in this till and the till is apparently confined to the bottom of Squaw 
Creek bedrock channel. This till, the oldest Pleistocene rock body observ­
ed in the area, has also been identified by Backsen (1963) and other previ­
ous investigators. 
Regional preglacial topography 
The preglacial topography of Story County has been studied by Zimmer-
man (19^2), Backsen (1963), Tventer and Coble (1965), Schoell (1967), 
Figure Aquifer thickness map of the study area 
(aodified after Ver Steeg, 1968, p» 13) 
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Sendleln and Doug al (1968) and Kent (1969), Kent (I969), using bore hole 
Infoimation gathered by the above authors, sxqpplementary data collected 
from the Iowa Geologic Survey and local drillers, and seismic refraction 
and resistivity techniques, constructed a bedrock topographic map for the 
Upper Skunk River basin. Figure 6 is a portion of this map presenting the 
topographic configuration of the bedrock surface around Ames. Three major 
bedrock channels are delineated on this map. They are identified from 
west to east as the Jordan, Squaw and Skunk channels. The Jordan channel, 
extending southeast from a location midway between èmqs and Boone, was 
first identified by Twenter and Coble (196^). 
The Squaw bedrock val ley and its tributaries are the largest of the 
channel systems in the Upper Skunk Elver basin. It extends in a northwest-
southeast direction with major channels branching to north and south in an 
area northwest of Gilbert. According to Kent (1969), the northern branch 
extends through the central portion of the modem %iper Skunk River basin 
near Jewell and on the north toward Blairsbui^. The Skunk channel is 
shorter and extends northward from. Ames to the vicinity of Story City, 
The presence of a northeast-southwest trending tributary to this channel 
system is indicated east of Ames (Figure 6), The Squaw and Skunk bedrock 
channels are separated by a local bedrock high at Ames and join at the 
southern end of the city lAere the modem stream, channels meet, 
Preglacial topography of the .âmes area 
The detailed bedrock elevation map of the Ames area (Figure 7) was 
constructed to show the most probable locations of Skunk and. Squaw buried 
Figure 6, Regional bedrock topographic map 
(after Kent. 1969. p, 39; 
Erolanation: Dashed lines indicate 
prssimed location of buried channels 
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channels beneath the city and assist in selecting the best well sites in 
the flitirre. To construct this map, existing bore hole data were plotted 
on a large scale base map of the city (1 inch = 600 feet). Interpretation 
of the plotted data provided information concerning the general location 
of the Skunk and Squaw b-jried valleys beneath the city. In order to verify 
the exact locations of these two channel systems, a total of 11 test holes 
were drilled in areas where the preliminary map would suggest that the 
deepest portion of these valleys might occur (.Appendix B), Moreover, a 
seismic refraction program was carried out to determine the depth to bedr-
rock along the skunk xtiver flood plain in the vicinity of Ames. 
Results of this investigation, as shown in figure 7, indicated that 
the deepest parts of both the Skunk and oquaw buried valleys do not coin­
cide with the two modem valley systems ir the Ames area. The detailed 
bedrock topographic map of Ames (Figure ?) indicates that the skunk buried 
channel has an irregular shape. Starting from the northeastern part of the 
city of Ames (Sec. 36, T. 81; N., E. 21+ W, ) it exbenos through the municipal 
section of the city (Sec. 2, T« 85 w., R. 2i; W,) -where it divides into two 
branches. The southeast trending tributary joins The Squaw buried channel 
south of Ames, The Squaw buried channel has a northwest-southeast trend 
almost parallel to the modem Squaw Creek Valley (Figure 1), generally, 
it lies to the east of the modem valley although it truncates the modem 
drainage at the southeast corner of sec. 33, T. 63 I»., S, 21+ V, In con­
clusion, the general trend of these buried valleys is found to be in agree­
ment with the previous investigations but the detailed topographic charac­
teristics of these channel systems is proven to be different from what has 
been shown before. 
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Bedrock geology 
Figure 8, the "bedrock geology map of the Ames area (after Sendlein 
and Doiigal, 1968; shows the dî-stribution of bedrock xmits as interpreted 
from bore hole, outcrop and geophysical data. The map indicates that 
Mssissippian rocks are essentially stirrorunded by Pennsylvanian age rocks 
along the buried valleys where the bedrock has been de^ly cut. 
Bedrock stratigraphy Pennsylvanian sediments have been assigned to 
the Cherokee Groiç (Zimmerman, 1952) which consists of shale, sandstone 
and thin layers of limestone. Mississippian formations which form part of 
the bedrock surface near Ames are Saint Louis, Warsaw, Keokuk, Burlington 
and Gilmore City formations (Figure 8), Lithologically, Mssissippian rocks 
are represented by sandy limestone of the St. Louis foimation, shale and 
dolomite of the Warsaw foimation, cherty dolomite and limestone of the 
Keokuk and Burlington formations and oolitic limestone of the Gilmore City 
formation (Zimmerman, 19^2; Iowa Geologic Survey, 1962)« Mssissippian 
fonnations form the principal bedrock aquifer within the study area. 
Structural geology The bedrock structure in the study area was 
first studied by McGee (I89I) and Beyer (I898). From limited outcrop and 
well information Beyer (I898) mapped a northwest-southeast trending anti­
cline north of Ames which he called the "Skunk Elver Anticline^ (Figure 8). 
A review of 8arl3.er studies was made by T.^rama'rtnprt (I9>2)j MmmArman and 
Thomas (1953) and Huedepohl (1955). They established that the above anti­
cline is asymmetric with the steeper dip to the east* 
Seismic determinations (Sendlein and Dougal, 1968; and Staub, I969) 
made in the vicinity of a proposed dam site north of Ames produced data 
Figure 0» Bedrock geologic map, Ames, Iowa 
(after Sendlein end Dougal, I968, p, 26) 
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which showed that this major structure is faulted by a series of northeast-
southwest trending faults, (Figure 8), 
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EILRCGSÛLOGY OF THE JLM2S AREA 
Davis and DeWiest (1966, p. l) define hydrogeology as "the study of 
groiindwater with particular ençhasis given to its chemistry, mode of mi­
gration, and relation to the geologic enviromaento" The study of the in­
terrelationship between stirface water and groundwater regimes and the hy­
draulic properties of the city of Anes aquifer constitute the topics cover­
ed in this section. 
General Setting 
A summary of climatic and water resources of central Iowa is found in 
Twenter and Coble's report (l96p) and Bulletin No. p of the Iowa Natural 
Resources, (1955The average precipitation is about 32 inches per year 
in the vicinity of Ames. Rain constitues nearly 90 percent of the total 
precipitation, snow about 10 percent; other forms, including hail, drizzle 
and ice pellets, normally produce only small amounts. 
In central Iowa, evaporation and transpiration return 66-76 percent 
of the water from precipitation back to the atz&osphere and less than 2C5o 
of precipitation is discharged as stream flow. Althotigh both Skunk River 
and Squaw Creek are classified as perennial streams, zero flow, or at most 
a very small amount of low flow, was recorded for the Skunk River near Ames 
during the drought period of 1955-1956 (Schwob, 1958). Additional studies 
concerning the low flow characteristics of the streams in the Ames area 
were made by DougaJ (19Ô9). 
According to I'wenter and Coble (1965), about 7-12 percent of the water 
into the groundwater zone; from which some of the water eventually flows 
back to the stream system in the form of springs or seepage. Aside from 
water stored in the cracks and openings of indurated "bedrock aquifers, 
groundwater occurs in the interstitial openings between the grains of shal­
low regolith deposits. These include (1) the surficial alluvium deposits 
accumulated in the modem Skunk and Squaw flood plains, and (2) the thick 
sequence of confined regolith beneath the city. Aside froir. the water pump­
ed by the city for municipal purposes, a minor amount of water is punned 
from this aquifer for air-conditioning and industrial uses by a few indi­
viduals or firms o At the present, the regolith aquifer supplying Ames is 
capable of producing the quantity of water required for the above purposes* 
Because, in the future, more water will be demanded by a growing city like 
Ames, it is necessary to investigate the hydrogeologic characteristics of 
the aquifer supplying the city of Ames to determine the best sites for 
future wells. 
Interpretation of Hydrologie Data 
The data collected during this investigation for surface water stages 
and groundwater levels for all observation points in the network were plot­
ted. Because most of these observation wells were installed or drilled 
during the summer of I969, a long record of annual fluctuation of water 
levels is not available. However, data are being collected continuously, and 
a more comprehensive review of the relationship between surface water and 
groundwater regimes will be possible in the future» "Zhe following is a 
brief discussion of fluctuation of groundwater levels with respect to the 
puiq>ing of the city of Ames well, field and interaction between surface 
1;! 
water and groundwater regimes in the Ames area. 
Effect of pumping on groundwater level fluctuation 
The fluctuation of the groundwater level in observation well number 7, 
located northwest of the River Valley fark on the Skunk River flood plain, 
is continuously recorded by an automatic recording gage. Although this ob­
servation well is situated about 3,000 feet away from the city of Ames well 
field, the effect of punçing on its stage is well pronounced (Figure 9). 
More than one half foot of drawdown is experienced in this well during a 
pumping period and is recovered very rapidly after the pusms are shut down. 
Resulting drawdown and recovery curves, recorded by the above automat­
ic gage, for a multiple puiroing test of the city of Ames well field con­
ducted during March 1 to U, 1970, are shown in Figure 9. This figure in­
dicates that the static elevation of the groundwater level (recovery cycle) 
rapidly drops ijnder the influence of pumping, Monthly observations of 
groundwater levels in wells peripheral to the punping.wells indicate that -
the fluctuation of groundwater with respect to pumping is more pronounced 
in these wells than that of obser^/ation well number 7= Because of this 
effect on the static water level, observations wars mads Just prior to 
shut down and start up of pumping by the Ames Water Plant. Elevation dif­
ferences between the annual trend of recovery and drawdown curves for city 
wells number 2 and 8 (Figures 10 and 11) indicates the magnitude of ground­
water fluctuations in these wells due to puaming. 
Interrelationship between surface and subsurface water 
Interpretation of the interaction between surface water and ground-
Figure 9. Fluctuation of groundwater level in observation well #7 
in respect to the pumping of the city of Ames well field. 
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water regimes is based on the present anxomit of data available for the 
Skunk River branch and the Squaw Creek portion of the Ames area. 
Skunk River branch Data collected for the staff gage located at 
the east pier of the Skunk River bridge at 13th Street, observation well 
n-umber 11 (located south of Cherry Street) and city well ntcmber 2 are plot­
ted in Figure 10» Several times during the months of June and July heavy 
amoTints of rainfall were received in the area caiising a rapid rise and de­
cline of the river stages. The observation well number 11 located in the 
vicinity of the Skunk River flood plain has reacted very closely to the 
rise and decline of the river stage, but a different relationship is re­
vealed in the case of city well number 2. This well, located in the per­
iphery of the city of Ames well field, is affected by 1jie pumping of the 
city. This is evident fi-om the drawdown and recovery measurements made in 
conjunction with the city of Ames pumping schedule (Figure 10), 
Although there is some indication that the maslmun: rise of the river 
stage has influenced the water level in the city well number 2, it is not 
possible to make a definite statement in this regard because of the scar­
city of data- However, Figure 10 indicates that the seasonal trend ' 
of the surface water and its recession curve during the fall and winter 
seasons is in agreement with that of the groundwater regime. This relation­
ship is also verified by the study of water level fluctuations for the ob­
servation wells number 1, 2, 3> ii, 6 and 7 for which only partial data is 
available. 
Squaw Creek branch Figure 11 presents the summary of water level 
data collected for a staff gage located at Greek bridge at South Diiff 
IT? 
Avenue and the city well number 8 located north of this gaging station. As 
in the case of the Skunk River branch, there is some indication about the 
interrelationship between surface water and groundwater regimes. Especial­
ly the seasonal and annaal trend of water level data ars observed to be in 
agreement for both regimes. Moreover, the elevation differences between 
surface and groundwater regimes are found to be of smaller magnitude in the 
Squaw Greek portion than that of the Skunk River branch. 
In conclusion, the agreement between annual and seasonal fluctuation 
of surface and subsurface water levels indicates that there is a hydraulic 
connection between these two regimes, A review of the stratigraphy of the 
Skunk River branch indicates that a primary source of seepage to the ground­
water system is in the northern part of River Valley Park, northeast of the 
city. In the vicinity of 6th Street, however. Squaw Creek is separated 
from the aquifer stçplying Ames by a thick layer of till and direct re­
charge in this part of the city is inmrobable, A possible somrce of direct 
recharge from Squaw Greek may be found in the northwestern part of the 
study area for which subsurface information is lacking. Therefore, it is 
recommended that monthly observation of surface and groundwater stations 
established in this research be continued in order to verify this relation­
ship, It will also be of benefit to install two other surface water sta­
tions in the Squaw Creek branch, one at 13th Street bridge and the other 
one at the Stange Road bridge. Observation of such a network and supple­
mentary drilling especially around the 13th Street flood plain of the 
Squaw Creek may reveal an immediate source of seepage to the aquifer in 
this part of the city. 
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Physical properties of the aqaifer system 
An extensive punçing test of Ames city wells number 9, 10 and 12 was 
conducted during the period March 1 to It, 1970 after a relatively long 
period, of recovery. The coefficient of transalssibility vas conçitited for 
areas "between each observation well and the punçing wells. Moreover, as 
a result of this test, a series of maps were constructed to study the hy­
draulic characteristics of the piezometric surface before and during the 
punçing test and the resultant cone of depression. 
Calculation of the coefficient of transmi ssibili ty Both equilib-
rim and non-equilibrium conditions were analyzed to compare the values of 
the transmi ssibili ty for areas located between each observation well and 
the three punroing wells, 
Egnli ibrium conditions After 30 hours of recovery, the puuç)-
ing of city veils number 9, 10 and 12 was restsaed on Monday, March 2, 1970 
at 9:00 a,m. The punroing continued for 6l hours at a uniform rate and an 
accumulative average disehaz^e cf 3,012 gpzz. By that time, the dra™d.oHn 
for all observation wells located in the periphery of the punçing wells was 
approaching a steady-state condition. In view of these conditions, it is 
possible to apply the equilibrium formula or Theim equation for the calcu­
lation of the coefficient of transmissibility in different parts of the 
aquifer-
The Theim equation is based on the following assumptions first applied 
by Dupuit: (l) the velocity of the flow is proportional to the tangent of 
the hydraulic gradient, and (2) the flow is horizontal and uniform, every­
where in a vertical section, Morsevar, it is assusisd that the aquifer is 
Si 
homogeneous, isotropic, infinite in areal extent, and that the well pene­
trates the entire aquifer. 
The Theim equation may he written as follows (Todd, 1961^): 
« - aiicb V. (1) 
in which 
b = The thickness of the aquifer (ft) 
Q = The rate of discharge, gpd_ 
K = Coefficient of permeability, gpd/ft^ 
h - h^ = Hydraulic head between the observation and the pxmçing well (ft) 
R - Distance between the observation well and the pusgjing well (ft) 
r^ = Radius of the pusçing well (ft) 
The problem encountered in this stu.dy was to revise the Theim equation 
and determine the interference produced by a multiple well, system. In this 
test, the drawdown measured at any point within the observation network is 
influenced by the discharge of three puaçing veils, and it is equal to the 
sum of the drawdowns caused by each wsll individually (Todd, 1961;), Thus, 
s 33^ 4- 11^2 ^2) 
where is the total drawdown at a given point and are the 
drawdown at that point caused by discharge of wells number 9, 10 and 12. 
As a result, for a system of three pumping wells- the coefficient of trans-
missibility can be calculated using the following modified version of the 
Theim. eauation 
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Because T = Kb (J4.) 
- - ^0 S.P -3--12 fr. 
In equation number 7, 
Qq, Q^g, 0^2 = ^ ted of discharge for praçing wells, number 9, 10 and 
12 respectively, gpd 
T •= Transmis sibility, gpd/ft 
h-h = The head difference between the respective observation 
well and the piezoiaetric elevation contoured, after the 
punning, in the central part of the well field (this 
elevation is equal to 8U5 ft.. Figure I6, p. 72). 
R. -, R. , and E. = Radial distance from observation "i" to wells au»-
i-y i-xu ber 9, 10 and 12 respectiv^y 
r r _ -, r , = The radius of each punçsing well including that of the 
~ gravel pack 12.$ ft. In this case) 
The transmissibility values conçuted by the above method are presented in 
Table 2 (see page S7) with the non-equilibidum results. 
Non-equi1ibrium conditions Computation of the coefficient of 
transmissibility in different parts of the aquifer under non-equilibrium 
conditions provides a means of conparing the results with (1) those cal­
culated by the equilibrium forcrula and (2) those calculated by previous 
investigators (Backsen, I963 and Ver bteeg, I968). 
Presentation of formula Most cosmrehenslve works on ground­
water hydrology such as Jacob (1950), Ferris (1959 and 1962), Todd (1961;) 
and Davis and De TiÈLest (1966), present the mathematical derivation of the 
non-equilibrium pimping test equation. Because these works are readily 
available, the derivation of the formula used in this thesis will be pre­
sented only in limited detail. 
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Theis (1935) first developed the following nors^equilibrium fonnnla 
from an analogy between groimdwater flow and heat conduction: 
where 
h -h r Drawdown in feet, at any point in the vicinity of a wall dis­
charging at a constant rate 
Q - Discharge of well, in gpd 
T - Transmissibility, in gpd/ft 
¥(u) = Is the expotential integral termed a '^well -function" 
The argument u is given by; 
(7) 
where 
S - The dimensionless storage coefficient 
r - The distance in feet from the discharging well to the observation 
well 
= Time in days since pumping started 
To obtain the formation constants, for a single puagjing well,. Jacob 
(I9U0) suggested an approximate solution for cases in. which the value of u 
is small (small r and/or large t). 
In order to apply the field unit of the discharge rate in the above equation 
its constants are changed as follows: 
^ log (10) 
where Q - discharge, gpm. 
51; 
To apply Jacob's formula to a amltiple well system and coaiçute the 
coefficient of transmissibility, his solution was applied to the three-well 
system (Dr. Merwin Z). Dougal^, personal communication). It is «ssumed that 
p-umping of all three wells commences at the same instant. The following 
equations were then derived. 
The total drawdown at a certain time in an observation well is equal 
to the sum of drasdowns caused by each ptsrçing well (Equation 2, p» 5l), 
providing the total drawdown is small in conç) arisen to the aquifer thick­
ness (unconfined aquifer) or the total d2*awdowi does not reach the tipper 
confining layer. 
^ ^ V\^12 
Total 
where 
- juTawdown caused by the effect of piaping of city -ssell #9 
lh^-h^)^Q = Drawdown caused by the effect of pushing of city well #10 
(h^-h^)^2 = Drawdown caused by the effect of ptBs^iag of city wall #12 
Using Jacob's formula (Equation 10), for an instance of time t^, these 
drawdown values are calculated as: 
26U^ 2.25 Tt, 
(V^'9 - T ^ 2 g ^ (12) 
26iiQ,_ 2.25 Tt^ 
(  W i o  = 1 ° ^ - T T ^  ( 1 3 )  
"2 " 
2 6 1 +2.25 Tt, 
(  W i 2 - - i ° - - r r ^  — )  
r3 S 
1 
State University, Amess Iowa® 
Dr. Merwin D. Doug si. Associate Professor of Civil Engineering, Iowa 
wnere 
(16) 
- Distance from the observation well to the pimping nell #9 
r^ = Distance from the observation well to the ptmping well #10 
r^ - Distance from the observation well to the pxsçing yell #12 
Therefore, 
26kl 2.25 Tt^ 2.25 Tt^ 2.25 Tt l 
(h^-h^) = 2 + QlO 2 ^ ^12 2 J, 
Total ^1 ^ ^2 ^ ""3 ^ 
By the same analogy, at a later time equal to t., a log cycle of the time 
later than t^, the total drawdown dae to the multiple prniping system in 
the same observation well is equal to: 
96k f 2.25 Tt 2.25 Tt 2.25 Tt_ 
T~l?9 TZ ^0 2? ^2 2 
Total "1 ^ ^2 ^ 3 ^ 
The drawdown distance in feet per log cycle of time is: 
Ah , (h^-hgj - rv\) (17) 
Total Total 
or A h =. log ~ 4 Q^q log 0^2 log (l8) 
Ah = ^  log ^  (Op + Qio + Q12) (19) 
For the log cycle of time difference^ 
t 10 t^ 
--^lo t^ = ~ 
Ah ^  t Qj_o + 0-^2^ (21) 
" = ^0 " ^12^ (22) 
Xxl€ cisX''JLVo.'^ion OXl l.S sJLsO o^SGG. OH tllG cLSSwZDti01*5 ^Xs"uôG 
on page $0 as sell as the follo'wing: (1) the veil diameter is infinitesiasl, 
/ 3  (  O  ^  V »  ^  ^  ^  ^ A  ^  ^  ^  V %  M  / — «  • •  ^ 0 S  *  •  i  ' V v  f  f 5  / 3  CM~*VA \  ^/ n Û. -»•  ^ WAM. O w w A CL^ o _&.D Si*!^  WW * wn * ^w\«b wo k >Vi»w jr y j. 
lyolijc The aquifer does not meet these conditioiTR precisely^ so observed 
data must be carefully inteipreted. 
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The procedure for application of Equation 22 is to plot observed draw­
down data on sesiilogai-ithmic coordinate p^er, with values of time on the 
logarithmic scale and values of drawdown on the arithmetic scale (içpendix 
E), 5ie data should fall on a straight line as time becomes larger; the 
greatest drawdown differences should be selected as A h (the drawdown differ­
ences in feet per log cycle of time) in order to count for the additive ef­
fect of drawdown caused by the multiple pumping system. 
Distribution of data, for graphs presented in Appendix E, indicates 
that in most cases a minor deviation from linearity occurs. Where possible 
maximum, average, and mjniTmrm slopes were drawn through the points (Appendix 
S) and the resultant transmissibilities were ccnçuted. As a result maximum, 
minimum, and average transmissibilities were calculated for the triangular 
areas between puaçing wells and a respective observation well. In the case 
of transmi ssibility calculation for a punning well the values were determined 
from the linear arrangement of the pumping wells (Table 2). Statistical 
analysis was made using an "Qoanitab" cŒçuter program furnished by Statisti­
cal Laboratory, ISU, Ames, Iowa. This analysis indicated that the mean trans-
missibility of the aquifer (^ ) ranges between 186,000 to 210,000 gpd/ft with 
a standard deviation (cr ) of 1:1,500 to 5lj600 gpd/ft for giniTmrm and maximum 
transmissibilities respectively. 
Moreover, a transmi ssibility distribution map (Figure 12) was construct­
ed to demonstrate the variation of the average transmi ssibility values in dif­
ferent parts of the aquifer. On the basis of one standard deviation about 
the mean of the average transoissibility, three zones of transaissibility for 
the aquifer are shewn in Figure 12. The various zones observed in Figure 12 
ûLsy be due to variation in thickness and/'or lithologie characteristics of 
Table 2» Siuinnary of transmis sibility data calculated by non-equilibrium and equilibrium solutions 
Location and 
statistic 111 
data ^  
Non-Equilibrium Condition 
'Max. 
A h 
..{fW 
2.80 
k»$2 
6.60 
Min. T 
gpd/ft. 
281,000 
172,900 
120,000 
123,000 
227,200 
Obs.Well A 
Oba.Well #2 
Ob 3, Well #3 
Obs.Well A 
Obs.Well B 5.20 
Obs.Well é'6 3.20 
Obs.Well #7 
Obs.Well /(dl 
City Well (f'2 
City Well #2 6.00 132,200 
City Well #7 
City Well #8 3.U0 233,900 
City Well # 
City Wellj^dO 2.30 120,000 
City WellAl 3.90 203,900 
City Wellj(fl2 k.90 162,000 
City W0llf|'13 
Koan (/%) 186,000 
Standard 
I>îviatioii ( ltl,200 
Aver. Aver. T 
Ah gpd/ft. 
(ft.) 
2.22 
1.22 
2.30 
2.00 
4.62 
3. ko 
311,700 
188,000 
i2o,ooo 
129,000 
170,000 
233,800 
4.20 
4.60 
4.20 
2.80 
2.22 
4.72 
3.40 
4.40 
4.02 
189,200 
172,800 
189,000 
283,900 
i2i,4oo 
167,300 
233,800 
180,700 
196,300 
200,000 
44j,6oo 
Min. Max, T 
Ah gpd/ft. 
(ft.) 
2.38 334,100 
3.92 201,300 
4.40 180,700 
2.90 274,200 
4.00 198,000 
4.20 189,000 
3.60 220,900 
210,000 
21,600 
Equilibrium Condition 
h - h 
w 
ft. 
^i-9 
ft. 
^i-10 
ft. 
ro
 T 
gpd/ft, 
26.76 3620 3000 2300 188,200 
22.63 3000 2220 2000 210,000 
20.72 1220 1220 1100 206,300 
20.82 822 820 1300 197,600 
20.27 1100 1220 2222 218,200 
27.29 1772 1722 2720 169,800 
30.62 3120 3320 3820 202,100 
24.83 2300 2720 3222 201,200 
20.97 1072 i2oo 2l20 211,700 
19.30 400 822 1472 207,300 
21.67 1722 1400 1122 201,200 
22.72 3120 2620 2000 208,900 
22.23 2620 1600 207,700 
21.07 920 1472 201,100 
In tftatiatical analysis of each column, values of the average traiLgmissibility were sibsti-
tiitod vhei'e a maximum and/or a minimum solution was not possible, Bquilibrluia transmissibllity values 
for observation wells number 7 and LI were also erubstituted in each column. 
Figure 12. Transraissibllity distribution map. Ames, lowa 
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the regoiith aqiiifer. However, the high transmissibility zone in the south­
east portion of the map might be due to the effect of the Squaw Creek as a 
positive boundary. 
However, there is a distribution in data at the beginning of a few 
drawdown curves presented in iç>pendix S» This is because different types 
of water level indicators were used in monitoring these observation wells. 
Each instrument, consisting of a flexible cable and electrical measuring 
system, has a different elasticity. For this reason, a small amount of dis­
crepancy is observed for the first six hours of pucçing when instruments 
were exchanged. Moreover, about half an inch of rainfall occurred during 
the first six hours of the ptmrping test. Precipitation made it very diffi­
cult to find the exact depth to the water level •smen a steel tape was used 
on which blue chalk was rubbed prior to dropping the end of the tape down 
the well. In making precise measurements, it is necessary to assign a b&-i^ 
tery operated water level indicator to each observation well in order to 
avoid such discrepancies. 
Furthermore, drawdown curves for the observation wells located in the 
western part of the network (observation wells number 1, 2, 3, h and the 
city well numbei' 8: Appendix E) show about half a foot of groundwater level 
fluctuations during the later stage of the prmping test. During the days, 
the Iowa State University Physical Plant imposed a rate of discharge of about 
1,000 gpm on the aquifer while during the nights, the rate of discharge drop­
ped to about 500 gpm. The oscillation of groundwater levels with time in the 
above observation wells is found to coincide with the variation of discharge 
by the plant. For this reason, it is postulat-ed "LhaT, the influence of the 
p-umping by the plant is extended to the east affecting the magnitude of the 
drawdown in the observation wells listed above. 
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CoBçarison between, transmissibllivy tslLtibs calculated by eqtdlibrim. 
and nonf-eqiiilibri'um solutions indicates that the former ones, although rel­
atively close, are mostly larger in magnitude than the later ones. A re­
view of drawdown-time grsphs presented in .^jpeadlx E indicates that water 
levels are still declining after practically three days of punçing. For 
these reasons, it is concluded that the drawdown test conducted in the city 
of Ames, during March 2 to U, did not reach a perfect equilibrium condition. 
Therefore, transmissibility values calculated by the non-equilibrium formula 
were used in construction of the transmissibility distribution map (Figure 
12). However, transmissibility calculated by non-equilibrium method for 
the observation well number 7 is found to be very hi^ due to the effect of 
seepagefrcan. the Slrnnk Elver (Appendix F), Non?-equilibrium solution of the 
aquifer constant for the observation well number 11 was not possible because 
water, accumulated around the well, as a result of precipitation, was poured 
in the well. 
Comparison of non-equilibrium transmissibility data with that of Ter 
Steeg (1968) indicates a close agreement for CQsraon areas, Eovever^ juxta­
position of such items iri.th data collected by Bscksen (I963) suggests that 
higher transmissibility values were calculated by hlui. for areas common to 
both tests. The lower values ccmmuted in this study are attributed to a 
gradual increase in the amount of well losses and a decrease in the specific 
capacities of punçing wells which have been observed by the city water works 
personnel. 
Kent (1969) observed that the piezŒnetric contours roughly parallel that 
T.no T./nrr\r%cr"?» g-mn-rr 4 T> mrvo-r. ot»ooo -r .no  i r rvT-xo"»*  xwmnl r  Tv- i  t to t '  noenr» .  MA— 
cause these contours coincided -rfith the contour pattern of the bedrock top­
ographic map, he concluded that groundwater from bedrock is discharging 
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into bedrock topographic depressions. Moreover, Kent (1969) postulated a 
hydraulic continuity "between groundwater stored within the bedrock and the 
regolith aquifer. 
The configuration of piezometric contours (Figure 13. after Kent. I969) 
indicates that most streams within the upper Skunk River basin are effluent 
streams, i.e., groundwater is contributing to the stream flow. 
Interpretation of piezometric surface maps in the Ames area 
The regolith aquifer supplying Ames is confined, in most parts of the 
city, by an overlying, relatively inçermeable, glacial till layer. However, , 
This confining bed is removed by dovmcutting along the meandering branch of 
the Skunk buried channel in areas north of 13th Street and Lincoln Way 
(Figure 1;^. The confined portion of the aquifer is under pressure greater 
than atmospheric; an imaginary siirface coinciding •with the hydraulic pres­
sure level of water within the aquifer defines its piezometric surface» 
Todd (I5Ô4) explains that a confined aquifer becomes an unccnfincd ens when 
the piezometric s^'jrface falls below the bottom of the upper confining bed. 
Such a situation is partially experienced in Ames when, as a result of pujç-
ing, the water level drops below the lower interface of the confining till 
in the immediate vicinity of pumping wells (Figure li;). Once the level of 
groundwater is below the elevation of the top of the aquifer, the piezomet­
ric surface becomes a water table. The flow lines, then, lose their hori­
zontal pattern of a confined aquifer. For this reason, there is a slight 
error in applying the Dupuit assumptions for solving the aquifer constants. 
Furthermore, the hydraulic pressure within a confined aquifer partially 
supports the -weight of the overburden while the soil structure of the aquifer 
provides the remaining support, "i-ihen the hydrcstai-ic pressure is reduced by 
Figure 13. Bedrock and regolith piezometric map 
(after Kent, 1969, p, Ik) 
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dewatering, the aqirLfer becomes conçiressed and its permeability and storage 
coefficient might sli^ tly be lowered ar-^ uad the pumpicg well:. 
According to Jacob (19^0), the water level in an observation well 
which has not been ptmçed is termed as static water level although its 
water level is influenced by ptmçing of its adjacent wells « Moreover, once 
a well has been operated, its static level can no longer be observed but 
can only be inferred. The water level observed inside a pimping well when 
it is discharging is the pumping level; that observed when the punp is idle 
is the standing level » The above tenus are adapted and used in this inves­
tigation as is shown in Figure lii. 
Water elevation data collected during the recovery period made it pos­
sible to determine the maximum elevation of static water levels and stand­
ing water levels for the network. These data are tabulated in Table 3 as 
elevation of the piezometric surface before puzming; the data are also il­
lustrated in Figure l5. Data collected during and shortly before the end 
of the drawdown period revealed the minimum elevation of static and punçing 
levels for the network. These data are listed in Table 3 as elevation of 
the piezometric surface after punçing and also illustrated in Figure 16» 
Drawdown is simply the difference in elevation between respective maximum 
and minimum values of water levels, 
Interpretation of the piezometric surface map before puz^l ng The 
aquifer is absent in areas where a till layer ertei^ds in depth to the bed­
rock surface. However, the Skunk River flood plain overlying the till nose 
as mapped east of the city encompasses a shallow veneer of alluvial deposits. 
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Table 3, Smnmaiy of water level data 
Location Dattm Min,D8pth. ELev, of Max. ELev, of Draw-
(ft,) to W, Piezometric Depth to Piezometric down 
Level(ft,) Surface be- ¥. Level Stu^face dia>(ft.) 
fore piom- (ft.) isg pxmming 
ing (ft.) (ft.) 
Obs, #1 919.51 h3.h2 876.09 46.95 872.56 3.53 
Obs, #2 935.75 61,80 873.95 67.32 868.43 5.52 
Obs, #3 930,16 55.25 874.91 63.64 866.52 8.39 
Obs, #i; 932.63 57.30 875.33 65.98 866.65 8.68 
Obs, 921.15 46.00 875.15 54.78 866.37 8.78 
Obs, #6 929.49 52.50 876.90 56.40 873.09 3.90 
Obs, #7 873.7b 5.21 878.95 4.71 878.45 0.50 
Obs, #8 89L.17 13.26 880.91 13.58 880.59 0.32 
Obs. #9 894.58 14.08 880.50 14.38 880.20 0.30 
Obs,#10 896,90 16,32 880.58 16,40 880.50 O.OS 
Obs.#11 891,28 18,90 872.38 19.65 871.63 0.75 
Skunk at 
13th St. 876,99 2.84 875.15 
City Well #2 927,62 53.55 874.07 60.85 866,77 7.30 
City Well Jt.r' Try 56,50 574.39 65.79 865=10 9,29 
City Well #7 917,10 42,78 874.32 49.63 867.47 6.85 
City Well #6 917.15 44.29 872.86 48.60 86S.55 4.31 
City Well #9 923.17 48.96 874=51 62.89 860,58 13.93 
City Well#LO 923.29 49.26 874.03 77.40 845,89 28.14 
City Well#Ll 90S.59 32,35 873.24 37.56 868,03 5.21 
City Well#12 922.19 48.20 873.99 77.02 845,17 28.82 
City Well#L3 915.89 42.03 873.86 49.02 866,87 6.99 
Figure 1$, Piezometric stirface map 
before ptmplng, Amss^ Iowa 
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The following observations can be made from Figure l5: 
1, The general gradient of the piezometric surface is to the 
south, 
2. The slope of the piezometric surface between observation wells 
number 8 and number it is O.li; percent. 
3o The surface flattens in the vicinity of city wells number 5> 
7, 9, 10, 12 and 13. 
ii. The piezometric contours observed on the northeast portion of 
the study area do not bend içstream where they cross the Skunk 
River as they do on the regional map. 
Configuration of the piezometric surface suggests (l) direct seepage 
from the Skunk River into the aquifer, (2) contribution of gravity ground­
water through the Squaw buried channel, and (3) the existence of a residual 
cone of depression due to punçing. 
As noted above, piezometric contours do not bend, tçstream in the north­
east corner of the map. This phenomenon might be interpreted, in two differ­
ent Ways: first, there is no interaction between surface and groundwater 
regimes in this locality; secondly, an influent condition is revealed, i.e«, 
surface water is contributing to the groundwater flow» Seepage from surface 
water to the groundwater region may occur because the confining till layer 
is absent in this portion of the city (Figure 5). 
On the contrary, observation of surface water elevations, during and 
after the punçjing test, for the staff gages observed, in Figure l5 indicates 
that the surface water levels fall below that of the groundwater system 
along the course of the Skunk Hiver srcept in the vicinity of River Valley 
Park. For this reason, it is concluded that the Skunk River is an effluent 
stream in the southern portion of the city as it was shown previously (Fig­
ure 13). 
î-toreover» piezometric contours are bending northward, in the northwest 
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portion of the map. An explanation for this phenomenon is found by conçar-
ison between Figure lit and Figure 7 of this report» Figure 7 shows the 
existence of the Squaw buried channel in this portion of the city. There­
fore, it is likely that a rapid supply of gravity groundwater is fed through 
this channel into the aquifer or the transmissibility is high in this location. 
Furthermore, a flat area occurs in the vicinity of the city of Am.es 
puzçing field indicating that the effect of pusçing still exists after 30 
hours of recovery. 
Interpretation of piezometric surface map during pumping With data 
collected before the end and during the pumping test, a piezometric surface 
map was constructed, for most areas of the city, to represent levels as 
occurred daring the pumping test (Figure l6). The study of hydraulic char­
acteristics shown in Figure l6 leads to the following observations; 
1. A closed depression (.cone of depression] occurs in the center 
and around the pumping wells, 
2. The slope between observation well number 8 and number k is 
O.iUi^, more than three times the slope of the same segment 
before punroing. 
3. Elevation of the piezometric surface is very slightly changed 
along the Skunk îÛLver northeast of the city, 
U, The effect of the till nose is evident on the map as a nega­
tive boundary, 
5, The piezometric contours flattens toward Squaw Greek and they 
apparently extend up to the northwest in this part of the city. 
The above observations indicate that the general southward slope of 
the piezometric surface before pumping is considerably modified due to the 
punning. Furthermore, these observations suggest that the source of water 
discharged by the pumping wells is not only the groundwater stored within 
the aquifer but also the seepage from the Skunk River. Groundwater flows 
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toward the center of the cone of depression "under a steep hydraulic gradi­
ent in all areas around the punçlng wells and the entire body of the aqui­
fer contributes to this flow. 
The effect of the till nose on water level contours is evident by the 
bending of these contours toward this negative boundary. The flatness of 
piezometric contours around the Squaw Creek buried valley mi^t be attrib­
uted to the high transmissibllity of the aquifer in this portion of the 
study area. 
Interpretation of the drawdown map Figure 17 is a drawdown map. 
The map is elliptical in shape; its foci are shifted toward the punçlng 
well number 12. Theoretically, the Ttia-r^nrmn drawdown should occur in the 
city well number 10 located in the center of the pujiçing wells. Drawdown 
calculated for the city well number 12 is 28.82 feet slightly exceeding 
that of well number 10. This may be due to direct seepage from the Skunk 
River influencing the amount of drawdown e^erienced in city wells number 
9 and 10 being located closer to this positive boundary than the city well 
number 12. There may also be some effect due to partial penetration of 
the wells (Todd, 196b) in that only the bottom 30 feet of each well is us­
ually screened. 
Figure 17. Drawdown map, Ames, Iowa 
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EVALUATION OF THE CITY OF AMES WELL FIELD 
AND ITS FUTURE POTENTIAL 
This evaluation is based mainly on th.e results of a field investiga­
tion, The regolith aquifer supplying Ames consists of a sheet-like body 
of sand and gravel about 60 feet thick extending through the Ames area be­
neath a confining layer of glacial till (Figure $), Aquifer thickness, 
lithology, and configuration as well as transmissibility values calcTolated 
for different portions of the aquifer (Figure 12) indicate that this aqxdL-
fer can be evaluated as one of the best of its kind in the nation. If the 
coefficient of permeability for an. aquifer is between 1 - 10^ gpd/ft^, the 
aquifer is classified as a "good aquifer" (Todd, I964, p, >3). The permea-
2 bility for the aquifer supplying Ames ranges between 2,500 - 2,000 gpd/ft . 
Punning of city wells irumber' 9, 10 and 12 which continued for 6l 
hours with an accumulative average rate of 3,012 gpm (or U,320,000 gpd) 
produced an undesirable effect because a portion of the aquifer was dewater-
ed below the interface of the confining bed* However^ the influence of the 
cone of depression diminished very rapidly horizontally and was restricted 
to areas surrounding the pumping wells. Ver Steeg (1968) using the elec­
tric analog model of the regolith srçplying Ames, concludes that, for a 
multiple well system if it is well distributed throu^out the city, draw-
dc-jn effect due to an accunrjlative discharge rate of 8,^ million gpd., does 
not appear to be hazardous to the aquifer system. The demand for ground-
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water might rise to 8,5 million gpd in this decade and the city is planning 
to meet this demand (l) by construction of a new ptaçing well and (2) by in­
vestigation of the hi-'dratiiic and econczic feasibility of additional wells 
based on a series of test holes drilled during this sttidy. 
The primary potential problem for the expansion of the city of Ames 
well field is the occurrence of a source of phenol substance. 
Potential Phenol Contamination 
A source of chemical contamination exists in the city endangering the 
groundwater quality. The location of this source is shown on Figures l5j 
16 and 17. An old gas plant,, located in this paart of the city, which manu­
factured gas for household and cooking purposes duz^ed its by-products in a 
pit which is connected to the aquifer. The resultant contamination is a 
small amount of phenol in the water being discharged by a few city wells 
located close to the source of pollution. It is very difficult to measure 
the exact amount of phenol being discharged by the effected wells; it is 
as difficult to treat water for this undesirable element. Research is being 
conducted to sclvs the above problem by Dr. George ¥» Galder of the Depart­
ment of Chemistry at Iowa State University (Dr. Harris Seidsl^, per sonnai 
communication). 
The movement of the contaminated groundwater front may be postulated 
from a study of groundwater elevation maps constructed in this investiga­
tion. From the piezometric surface map (Figure 15) representing the recov­
ery period^ the oontazinzted front- would move toward the south and away 
"Tr. Harris Seidel, Director, Azes îîunicipal Water Department, Ames, Iowa 
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from pimping veils "under the influence of the southward gradient of the 
piezometrie surface. During the puiiçing period, due to the effect of the 
superimposed cone of depression, a change in hydraulic gradient occurs 
(Figure l6) and this front moves toward the well field. Therefore, an os­
cillatory movement of the contaminated front occurs in agreement -with the 
pumping and recovery period* The exact boundary of this front has not been 
determined, but most city wells located south of the present well field (on 
7th Street) have eaçerienced a minor amount of phenol contamination. This 
includes those wdls south of Main Stroot and east of Grand Avenue, 
A means of studying this groundwater quality problem is to charge the 
city well number 2 located in the vicinity of the source of contamination 
with an appropriate tracer and find the exact boundary of this front during 
a recovery and punçing test. This investigation might lead to the discov­
ery of a safe combination of drawdown and recovery periodso As a result. 
It might be possible to shift the contaminated front to the south and. Rton 
the flow of phenol toward the present series of punçing wells» 
Another method of reducing the movement of the phenol front, which 
could be used in combination with a safe drawdown and recovery period, is 
to distribute the load of pvinplng evenly through the well field* Because 
an additional well was Installed west of the city well number 12, the city 
is in a position to use a combination of puz^ing wells which could shift 
the cone of depression away from the source of chemical pollution. Appli­
cation of the analog model of the aquifer is well justified in achieving 
the above objective. 
In uhe development of the above methods, it is assumed that the rate 
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of flow under the hydraulic gradient of the piezometric surface during the 
recovery period exceeds the rate of radial diffusion of the chemical through 
the aquifer. 
Proposed "Well Field Location 
The best site for a prospective puiaping well is an area where the aqui­
fer possesses the highest rate of transiaissibility (Figure 12). Wells 
located over the deepest portion of the Skunk buried chaimel are expected 
to penetrate through the thickest portion of the aquifer. This branching 
channel system is mapped in detail (Figure 7). Occurrence of this channel 
system beneath the municipal portion of the city, for which a water line is 
available, makes it economically feasible to be considered as a potential 
site for a water source. The location of the deepest portion of the Skunk 
buried valley system, occurring beneath the city of Ames, is shown in Fig­
ure 18. 
Considering the groundwater problem encountered in the southern por­
tion of the city, the future well sites should be located to the north. 
Lithology and hydraulic characteristics of most test holes drilled in this 
part of the city zake these sites potential wells. Exceptions are test 
holes numbered 8 and 9 (Figure 1 and Appendix B) for which the aquifer is 
either lacking or a small thickness of aquifer was discovered. Test hole 
number 6 is the logical choice for drilling for water considering its lith­
ology. aquifer constants, closeness to a positive recharging boundary, and 
its distance from the source of chemical contamination. However, the pres­
ent desire is to expand the city well field to the west because of engineer­
ing and economic reasons. Therefore, city well number li; was installed 
Figiare l8. Location of the deepest portion of the 
Skunk Iraried channel "beneath the mmicipal 
section of the city of Ames 
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recently on the northeast comer of the Wilson and 7th Streets west of the 
city well number 12. 
It is concluded that simultaneons and heavy prmping of wells located on 
7th Street might produce an undesirable groundwater quality problem. Such a 
pumping not only will cause excessive dewatering of the aquifer below its 
•upper surface but also -will lead to the enlargement and deepening of the re­
sultant cone of depression in this part of the city. The above hydraulic 
conditions might accentuate the flow of phenol "bo^ward the present location 
of those punçing wells idiich are located at 7th Street and are devoid of 
phenol at the present time. Therefore, it is recommended that the alterna^ 
tire hydraulic studies which were previously discussed by undertaken to pre­
vent a possible groundwater contamination of the existing purging •wells by 
phenol. 
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SIMMARY AND GONGLUSIOÎiS 
The surficial deposits in the area of study consist of the flood plain 
deposits of alluvial origin and upland deposits of glacial origin. The 
flood plain deposits are coDçjosed of channel deposits, overbank deposits, 
terrace deposits and coUuvial deposits forming a conçlez mosaic. The up­
lands in the area of study are covered by tUl, a heterogenous mixture of 
sand, silt, clay and a minor amount of gravel-sized particles. The differ­
entiation between these deposits is of hydrogeologic significance because 
the former ones are more permeable than the latter ones. Therefore, pre­
cipitation occurring over the area, flows toward the lowland flood plains 
and part of it penetrates through these permeable deposits to recharge the 
groundwater regimes. 
In the area of study, bedrock is mantled by Pleistocene deposits of 
glacial or glaci ofluvial origin. The study of Pleistocene stratigraphy, 
preglacial topography and bedrock geology has prime inçortance in detect­
ing the occurrence and movement of shallow groundwater leithin a glaciated 
geologic framework. The general sequence of Pleistocene strata occurring 
in the Ames area from top to bottom could be listed as follows: içiper 
till, intermediate til]., aquifer,, and occasionally a lower till. The 
aouifer consists of a sheet-like body of sand and gravel about 6o feet 
thick which extends through the Ames area and is confined in most parts of 
the city by a tij-1 layer. Geologically, the aquifer is interpreted as an 
outwash plain whose thickness and configuration have been modified by sand 
and gravel deposited in abandoned or buried valleys. 
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Topographic configuration of bedrock stirface sTiggests the occurrence 
of two major "bedrock channels in the Ames area. They are referred to as 
the "Skunk and Squaw biiried valleys," Results of this investigation indi­
cate that the deepest parts of both channel systems do not coincide with 
those of the two modem valley systems. The Skunk bxiried valley extends be­
neath the east section of the city of Ames, where it divides into two 
branches. The sonth-^-est trending tributary joins the Squaw buried channel, 
while the other tributary lying to the west of the modem Skunk River Valley 
reveals a meandering pattern. This tributary is joined by another south­
west trending branch and meets the Squaw buried channel south of Ames, 
In the Ames area, bedrock is conçosed of Mississippian i-ocks which are 
being surrounded by Pennsylvanian rocks along the buried valleys where the 
bedrock has been deeply cut, 
Hydrogeologically, there is an interrelationship between surface «nH 
groundwater regimes in the Ames area. The agreement between annual and 
seasonal fluctuation of surface and subsurface water levels indicates that 
there is a hydraulic connection between these systems. Data obtained in 
puzping tests also show this ral&tlonship. 
Physical properties of the aquifer supplying Ames indicates that this 
aquifer can be classified as one of very hi^ yield. High transmissibility 
values were calculated in different areas of 1±.e aquifer as a result of a 
multiple-well punçing test. Both equilibrium and non-equilibrium conditions 
were used to compute the actual values of this aquifer constant for "Wie tri­
angular areas between each observation well and the puBçing wells. A trans-
missibility map was constructed from these values showing the variation of 
this aquifer constant in different areas of the city. This variation is 
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due to the differences observed in the aqtiifer thickness and lithologie 
characteristics of the regolith aqtiifer sxçplying Ames, 
Moreover, data collected dioring the multiple ptmçing test of the city 
of Ames well field made it possible to construct a series of maps showing 
the hydraxilic characteristics of the piezometric surface before and after 
the pTimping and the resultant cone of d^ression. It is evident that as 
a resiiLt of pumping the piezometric surface falls below the bottom of the 
upper confining bed in the vicinity of punçing wells and the confined aqui­
fer becomes an unconfined one. In general the gradient of piezometric sur­
face is to the south J during the punning of the aquifer the flow of grcundt-
water is toward the center of the cone of depression under a ste^ gradient 
in all areas surroimding the pmping wells. The effect of direct seepage 
from Skunk River and contribution of gravity flow through the Squaw buried 
channel is evident in these water level mapSo The resultant cone of depres­
sion is elliptical in shape and the values of drawdown cozmuted for the 
multiple puiming well system also suggests recharge frosi the SkWc River-
Field evaluation of the city of Ames regolith aquifer indicates that 
most test holes being drilled in this investigation are capable of being 
a prospective pmping well. The only potential problem is the threat of 
chemical contamination of groundwater by phenol and dewatering of the aqui­
fer around the punçing wells. Movement of the contaminated grorindwatsr 
front has been studied using the water level maps constructed in this in­
vestigation. Two hydraulic solutions are proposed to shift this front away 
from the existing pusoing wells (l) regulation of the p-unroing and recovery 
periods (2) distribution of the load of p'cmping among the wells located far 
from the source of contamination* This could shift the cons of depression 
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away from the source of chemical pollution and prevent the dswatering of 
the acfuifer below the bottom of the upper confining bed. 
The best site for a prospective ptmçing naLl is an area "underlain by 
the Skunk buried channel, Tpfells located OVOT the devest portion of this 
channel system are expected to penetrate through a thick portion of coarse 
aquifer and therefore, possess a high value of transmissibility. Because 
this channel system occurs beneath the central portion of the city, it is 
economically feasible as a potential site for drilling for 
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RECCMMEHD&TIOMS FOR FISIIHER STUDT 
1. Monthly observation of surface and groundwater levels for the net­
work established in this study should be continued 5j2 order to verify the 
interaction between surface and groundwater regimes. Such an observation 
system combined with the respective rate of discharge of the city of Ames 
well field might indicate (l) the areal extension of the influence of punn­
ing on water level fluctuations during different seasons and (2) sources 
of direct seepage to the aquifer. 
2. In order to investigate the possibility of seepage from the Squaw 
Creek into the aquifer (1) additional surface water stations should be in­
stalled northwest of the city, (2) sxqpplementary drilling is recommended 
along the Squaw Creek flood plain north and in the vicinity of 13th Street. 
3. The groundwater quality of test holes drilled in this study must 
be analyzed if considered as prospective pumping wells. 
ii. The analog model of the city of Ames aquifer is revised to coincide 
with ai^al extent and thickness of the aquifer as found during this investi­
gation, This model can be very useful in the study of oscillatory movement 
of the phenol contamination front which occurs due to pumping and recovery 
periods. Moreover, it is possible to simulate the amount of discharge de­
sired from a prospective punçing well on the model and study the configura­
tion and the areal extent of the resultant cone of depression. For this 
reason, it is recommended that the model be used in selecting all future 
prospective well sites so that the principal cone of depression can be 
shifted away from the source of phenol contamination. 
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5. It Is necessary to distribute the load of pumping to wells separat­
ed far from each other to prevent the dewatering of the aquifer below its 
confining bed. 
6, Kent (1969^ concluded that bedrock recharge contributes significant­
ly to the groundwater system in the xçper Skunk River basin. In order to 
investigate the magnitude of this artesian flow to the regolith aquifer in 
the Ames area, it is suggested that a well be drilled and cased into the 
bedrock. 
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APPENDIX A: LIST OF AUGER HOLE RECORDS 
Location 
SWSW See 23 
T84N R24W 
Depth 
(feet) 
0-5 
5-11 
11-22 
22-42 
Description of cuttings 
Sand J fine grained, brown 
Sand, medium grained, gray 
Sand, coarse grained, gray 
Till, unoxidized, sandy, clayey, gray 
NWNE Sec 26 0-7 
7-11 
11-20 
20-26 
26-29 
29-42 
Topsoil 
Sand, fine grained, brown 
Sand, medium to coarse, brown 
Coarse sand with streaks of clay, gray 
Till, unoxidized, gray 
Till, unoxidized, gray with streaks 
of sand 
NWSE Sec 26 
T84N R24W 
0-5 
5-8 
8-10 
10-17 
17-21 
21-29 
29-53 
Topsoil 
Clay, brown 
Clay and fine sand 
Sand, fine with streaks of clay 
Till, oxidized, brown 
Till, unoxidized, gray 
Sand, coarse, gray 
SESE Sec 35 
T84N R24W 
(Obs. well #8) 
0-4 
4-15 
15-27 
27-33 
33-41 
Topsoil 
Sand, fine grained, brown 
Sand, medium grained 
Sand. coarse grained 
Gravel 
NWNW Sec 3D 
T84% R24W 
0-5 
5-9 
9-11 
11-29 
29-35 
35-38 
38-53 
Topsoil 
Silt, fine grained, yellow 
Sand, fine grained, yellow 
Till, unoxidized, brown 
Sand with streaks of clay, brown-gray 
Sand, coarse, brown 
Sand, medium to coarse grained, brown 
Nl-JSW Sec 36 
T84% R24W 
(Obs. well #10) 
0-5 
5-11 
11-22 
22-53 
Topsoil 
Sand, fine grained, clayey 
Till, unoxidized, gray 
Sand, medium grained, yellow 
SWSW Sec 36 
T84N R24W 
(Obs. well #9) 
0-5 
5-10 
10-29 
29-46 
Topsoil 
Clay, sandy, brown 
Sand, medium grained, gray 
No samples (sand ?) 
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Location 
NWSE Sec 1 
T83N R24W 
SESW Sec 12 
T83N R24W 
Depth 
(feet) 
0-5 
5-7 
7-15 
15-41 
41-47 
0-4 
4-20 
20-33 
33-60 
Description of cuttings 
Topsoil 
Sand, fine grained 
Sand, medium grained, gray 
Sand, coarse, gray 
Till ? 
Topsoil 
Sand, fine grained, gray 
Sand, medium grained, gray 
Sand, coarse grained with streaks 
gravel, gray 
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APPENDIX B: DESCRIPTION OF CUTTINGS AND ELECTRIC WELL LOGS FOR 
TEST HOLES DRILLED IN THE CITY OF AMES, IOWA 
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Description of Cuttings and Electric Well Logs 
Ames, Iowa 
Hole f- 1 (T.83N, R. 24 W., SWNE Sec. 3 ) Surface Elevation= 919.51 ft. 
Lee St. Extension - Brookside Park 
Sample log Electric lo%s 
Depth 
ft. 
40 T-O 
-—-.CL 
-om-
-fT-O — 
Litho-
loRY 
80 
120 
Descriptions 
Topsoil 
Sand, coarse 
Till, oxidized, 
brown 
Till, unoxidized, gray 
S pontaneous 
Potential (2QMV/div.) 
Resistivity 
(20 OHMS/div.) 
Till with streaks 
of sand 
Sand, coarse 
gray 
160 
i I • i 
200+3:-^ 
Till, unoxidized^% 
gfây 
Till with streaks 
of sand 
Sandstone, fine, 
compacted and green 
Limestone, dense, white 
Vertical Scale: 1" = 40' 
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Description of Cuttings and Electric Well Logs 
Ames, Iowa 
Hole ?>_2. (T.^, R. 24 W. , N WNW Sec. 3 ) Surface Elevation= 935.75 ft. 
11% & Mars ton St., Ames 
Sample log Electric Logs 
Depth Litho-
losv 
S pontaneous 
Potential (lOMV/div.) 
Resistivity 
(10 OHMS/div.) Descriptions 
Topsoil ^ 
Sand, fine 
Till, unoxi-
dized, gray O 
20-: Sand, 
coarse 
Till, un-
oxidized, 
•gray 
60 
80 
Târîrtwith streaks 
of s and 
Sand, fine to med. 
•^TQvol .S—coarse sand 
C>! 
fine to Sa; 
120 
Sand, coarse & sttiall gravel 
138.6 
140 Vertical Scale: Limés tone 
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Description of Cuttings and Electric Well Logs 
Ames, Iowa 
Hole #_3 (T.S^N, R. 24 W., NWNW Sec. 2 ) Surface Elevations 930.16 ft. 
N W Corner of 11th & Burnett Sts., Ames 
Sample log Electric Logs 
Resistivity 
(25 QHMS/div.) 
Spontaneous 
Potential (10 MV/div.) 
Depth Litho-
fc. logy Descriptions 
Topsoil 
Sand, coarse 
Till, unoxidized 
silty, clayey 20 -r 
40 
60 — • ' 
San^ med. to 
coarse, gray 
80 
Sand, fine 
100 
T< 1 1 
Gravel o 
Sand, med. to 
coarse and 
gravel 
135 Limes tone 
i 2 0 '  Vertical Scale: 1 
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Description of Cuttings and Electric Well Logs 
Ames, Iowa 
Hole # 4 (T^3 N, R, 24 W., SWNE Sec, 2 ) Surface Elevation= 932.63 ft. 
10th St. between Douglas & Duff 
Sample log Electric Logs 
Dep th 
ft. 
Su 
Litho-
lOKV 11 ' I I ' \ 
, I I I I > i| 
,, (I ' I I I \ 
I > > « I1 
H '1,1' I I l\ I »,'.X , l\ 
Descriptions 
Spontaneous 
Potential (10 MV/div.) 
Resistivity 
(25 OHMS/div.) 
Topsoil 
Till, oxidized, brown 
20"= : Till, unoxidized, gray 
ïî3-~ 
40+& 
A - — . 60]= 
• . O" 
O • o 
. ; O. , 
100^ O .o. 
120 t 
. o • • o 
Sand, med., ^ 
gray { 
Sand, coars 
and gravel 
I 
iKl 1 °  !  
6 C 
Gravel 
<2 1 
Till, unoxidized, gray 
Vertical Scale: 1" = 20' 
I t i Limestone 
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Description of Cuttings and Electric Well Logs 
Ames, Iowa 
Hole -:r_5_ (T.^N, R. 24 W.,NESW Sec. 2 ) Surface Elevation= 922.19 ft. 
City well #14, Wilson & 7th St., Ames 
Sample log 
Depth Litho-
^ logy 
0 
:àz;:crj 
40.r 
Descriptions 
Electric Logs 
Spontaneous Resistivity 
Potential (10 MV/div.) (25 OHMS/div.) 
Topsoil 
Till, oxidized, brown 
Till, unoxidized, gray 
— • 
100 
Sand, coarse, gray 
Sand & gravel 
Sand, med., gray 
Gravel & coarse sand 
< t t I I Limestone 
II I II 
Vertical Scale: 1" = 2-' 
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Description of Cuttings and Electric Well Logs 
Ames, Iowa 
Hole # 6 (T.83N, R. 24 W., NWNW Sec. 2 ) Surface Elevation= 929.49 ft. 
SE corner of Maxwell & 13th St. intersection, Ames 
Sample log Electric Logs 
Resistivity 
(10 OHMS/div.) 
Spontaneous 
Potential (10 MV/div.) 
DepLli Litho-
logy Descriptions 
Topsoil 
Till, oxidized 
sandy, clayey, 
brown / 
20 
Till, un>i 
oxidized,ygray 
Sand, fi: 
med., 
to 
'ay 
Till,\ 
unoxid/ized 
gray \ 
Sand, fine to med 
100 
Gravel 
Snr.c 
Shal 
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Description of Cuttings and Electric Well Logs 
Ames, Iowa 
Hole #2- R. 24 W., SWSW Sec. 
W. of 13th St. Park, Ames 
35) Surface Elevation^ 894 ft. 
Sample log Electric Logs 
Depth Litho-i 
ft. logy Descriptions 
0 
20.r 
Spontaneous 
Potential (20 MV/div.) 
Resistivity 
(25 OHM/div.) 
lUllHll'ii / pi I J I ' ^ " 
111, ' 111; 
1 • , I 
• .o- o.0-: 
O O o Û 
0 o O o 
• O • o 
40 
^o1:o°o.6oi 
80 
0 '  Ô  0  0  
Topsoil 
Sand 
T M u Ml 11 
• ' - '••/•'! Clay 
f 0.9:0 .0:1 
i i i  
lO-j 
Clay 
Sand & gravel 
Gravel 
Sand & gravel 
Sand & gravel 
Limestone 
Vertical Scale: 1" = 20' 
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Description of Cuttings and Electric Well Log s 
Ames, Iowa 
Hole #_8_ (T.82N, R. 24 W., SWSW Sec. 2) Surface Elevation= 886.8 ft. 
9th St. Extension, Ames 
Sample log 
Depth 
ft. 
0 
Litho-
lofiY Descriptions 
Electric Logs 
Spontaneous 
Potential (20 MV/div.) 
Resistivity 
(25 OHM/div.) 
Sand, medium 
Sand, coarse 
IM o o 
20 
'o'O 
I . ( ' • ' 
•O 0. 
60-^ I 
Sand, coarse 
Till, sandy, clayey 
1 I 
80 r 
Loose broken sandstone, 
limestone & chert (D^ g ssfc> ?) 
Shale 
bnaie  
Vertical Scale: 1" = 20' 
106 
Description of Cuttings and Electric Well Logs 
Ames, Iowa 
Hole # 9 (T.83 n,  R. 24 W.,NWSW Sec. 3 ) Surface Elevation= 893.8 ft. 
I.S.U. well #10 
Sample log Electric Logs 
Spontaneous 1 _ 
Potential13.5 MV/div.) (13.5 OHM/div.) 
Depch Litho-
ft- loKV Descriptions 
Topsoil 
Sand, med., brown 
Till, unoxidized, gray 
of 
and, med. to coarse 
;ray 
ravel and boulders 0 o 
i2or 
gray 
" ' 
160 
tone 
shale 
j I 
I I Vertical Scale: 1" = 27' 
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Description of Cuttings and Electric Well Logs 
Ames J Iowa 
Hole /rlO (T.23N, R. 24 w., SENE Sec. 4 ) Surface Elevation= 913 ft. 
I.S.U. campus, SE of 2nd railroad underpass for pedestrians 
Sample log Electric Logs 
Resistivity 
(33.75 OHM/div.) 
Spontaneous 
Potential (27 MV/div.) Descriptions 
Topsoil 
Sand, coarse 
40-
Till, clayey, sandy, 
silty 
80 f 
100 i: 
120 
I Sand & gravel 
/. A 
to coarse) 
•o 
Shale 160 
! 
i i 
i 
I I 
I I Vertical Scale: 1" = 27' 
I i 
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Description of Cuttings and Electric Well Log® 
Ames, Iowa 
Hole #11 (T.83N, R, 24 W., NWNW Sec. 11) Surface Elevation= 891.28 ft. 
End of Cherry St., Ames 
Sample log 
Depth 
ft. 
Litho-
_loSI_ 
O 
20 4"- • 
Descriptions 
• • O 
Q-. Sand & gravel 
-6 "I 
I • o 
• o 
40 T.' 
.  O :  
• Qi 
-• Sand , medium 
60 — 
Electric Logs 
Spontaneous 
Potential(20 MV/div.) 
i'.-.- '•'! Sand, fine to medium 
:i'i/rMiiii Clay, green 
Resistivity 
(25 OHM/div.) 
«n • 
Vertical Scale: 1" = 20' 
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APPENDIX C; SEIVE ANALYSIS DATA, AMES, IOWA 
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Grain Size Distribution of Bore Hole Samples 
Hole No. 1, Lee St. Extension, Brookside Park, 
Ames, Iowa 
SIZE (mm) 
Ill 
Grain Size Distribution of Bore Hole Samples 
Hole No. 2, Marston St., Between 10th & 12 ^ h Sts., 
Ames, Iowa 
100 
125-126 
0.05 O.n? 0.1 0.2 0.3 0.5 0.7 
SIZE (ram) 
1.0 2.0  3 .0  
Washed Samples 
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Grain Size Distribution of Bore Hole Samples 
Hole No. 3, Intersection of 11th & Burnett Sts., 
Anes, Iowa 
125-126 
100 
113 110, 
86 85 
RO 
20 
Depth 
Ft.'K 
0,05 0.07 n.i 2.0 3.0 0.2 0.3 0.5 0.7 1.0 
SIZE (mm) 
Washed Samples 
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Grain Size Distribution of Bore Hole Samples 
Hole No. 4 10th St., Between Douglas & Duff Sts, 
Ames, Iowa 
100 
:87r88 
l-lQ-)l2Ql 
Depitn:" 
0.05 0.07 0.1 
CT?? ( \ 
" Washed Samples 
Hit 
Grain Size Distribution of Bore Hole Samples 
Hole No. 5, Intersection of Wilson & 7th Sts., 
Ames, Iowa (city well #14) 
100 r 
\x<uu/  
0.05 0.07 0.1 
"Washed Sample 
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Grain Size Distribution of Bore Hole Samples 
Hole No. 5 Continued 
100 
RO 
n; 15^120 
0 ' 
I • I ; j • i I ; ! 
560 CO 
a, 
h 
g 
w 
20 
0 
0.05 0.07 0.1 0.2 0.3 0.5 0.7 
SIZE (mm) 
2.0 3.0 
Washed Samples 
llô 
Grain Size Dibribution of Bore Hole Samples 
Hole No. 6, N. W. Corner of Cemet@.ry, Ames, Iowa 
100 r 100-105 
80 
M60 
to  
I 
I 
I-
20 -
0 
E 
0.05 0.07 0.1 0.2 0.3 0.5 0.7 
SIZE (ram) 
1.0 2.0 3.0 
Washed Samples 
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APPENDIX D; GROUNDWATER ELEVATION DATA FOR A RECOVERY AND 
MULTIPLE PUMPING TEST OF THE CITY OF AMES AQUIFER 
CONDUCTED DURING MARCH 1-4, 1970 
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Table 4. Summary of the working schedule and personnel for a pumping 
test of the city of Ames well field conducted from February 
28 to March h y 1970 
Date Time Personnel Location 
Feb. 28 1600-1800 Akhavi* R #1 
Weigand* R #2 
Mar. 1 0300-0800 Akhavi* R #1 
Bigsby R #1 
Weigand* R #2 
Franklin R #2 
Mar. 1 0800-1700 Dockal* R #1 
Morehouse* R #2 
Mar. 1 1700- Johnson* R #1 
Mar. 2 0800 Simon R #1 
Weigand* R #2 
Franklin R #2 
Mar. 2 0800-1400 S endlein* D-3 
Akhavi* D-5 
Simon* Well #9 
Onyeagocha Well #9 
Smith* Weil #10 
Bigsby Well #10 
Dougal* Well #12 
Geo. Craft* D-2A 
Dockal* D-1 
Pins* D-2b 
Geo. Johnson* D-4 
Mar. 2 1400-1800 Akhavi* R #1 
Stone* R #2 
Mar. 2 1800- Dockal* R #1 
Mar. 3 0700 Bigsby R #1 
Weigand* R #2 
Franklin R #2 
Mar. 3 0700-1800 Akhavi* R #1 
Pins* R #2 
Mar. 4 0700-2300 Akhavi* R #1 and R #2 
In charge of the loop or well. 
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City of Ames 
Test Pumping Data 
Pumped Wells; No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: Obs. Well No. 1, m = 48 feet 
Date: March 1-4, 1970 
Time Depth to Water 
Hour;Minutes Feet 
1:15 46.45 
2:28 46.42 
4:43 46.55 
5:37 46.36 
8:00 45.64 
9:35 45.08 
10:58 44.82 
12:09 44.63 
13:12 44.40 
14:10 44.33 
15:38 44.22 
16:19 44.04 
17:22 43.90 
19:00 43.89 
20:48 43.78 
21:55 43.72 
24:00 43.44 
25:23 43.42 
27:03 43.45 
28:20 43.38 
30:05 43.42 
33:00 BEGIN PUMPING 
33:00 43.80 
33:17 43.71 
33:43 43.78 
34:02 43.88 
34:20 43-95 
34:40 44.00 
35:00 44.09 
35:19 44.22 
35:40 44.21 
36:03 44.53 
36:30 44.70 
36:49 44.79 
37:01 44.90 
Time Depth to Water 
:Minutes Feet 
37:25 45.00 
37:39 45.07 
37:55 45.12 
39:00 45.17 
40:23 45.59 
41:35 45.80 
43:58 46.15 
44:48 46.26 
45:53 46.30 
47:10 46.29 
48:10 46.22 
48:52 46.22 
50:07 46.23 
50:45 46.22 
51:25 46.23 
52:50 46.23 
53:30 46.26 
54:30 46.26 
56:49 46,32 
58:03 46.37 
63:35 46.75 
64:50 46.80 
81:50 46.59 
88:10 46.83 
93:15 46.95 
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City of Ames 
Test Pumping Data 
Pumped Wells: No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: Obs. Well No. 2, m = 50.5 feet 
Date: March 1-4, 1970 
Time Depth to Water Time Depth to Water 
Hour:Minutes Feet HourrMinutes Feet 
1:20 66.30 46:00 66.19 
2:35 66.42 47:12 66.28 
4:38 66.40 48:15 66.24 
5:25 65.97 48:55 66.25 
7:54 64.68 50:13 66.30 
9:50 63.83 50:50 66.30 
11:04 64.60 51:30 66.32 
12:16 63.37 52:55 66.36 
13:19 63.09 53:35 66.42 
14:16 62.94 56:37 66.49 
15:34 62.72 57:00 66.56 
16:24 62.67 58:10 66.63 
19:07 62.44 63:52 67.05 
20:54 62.36 65:00 68.17 
22:00 62.23 81:58 67.01 
24:09 61.97 88:15 67.25 
25:30 61.99 92:23 67.32 
27:07 61.96 
28:25 61.88 
30:08 61.82 
33:00 BEGIN PUMPING 
33:35 59.55 
34:34 62.10 
35:14 62.55 
35:42 63.10 
36:20 63.45 
36:44 63.75 
37:12 63.96 
37:42 64.23 
39:07 64.73 
40:30 65.19 
41:45 65.53 
44:04 65.99 
44:55 66.06 
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City of Ames 
Test Pumping Data 
Pumped Wells; No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpin 
Observation Well; Obs. Well No. 3, m = 63 feet 
Date: March 1-4, 1970 
Time Depth to Water 
HourrMinutes Feet 
1 30 64.75 
2 40 63.27 
4 30 60.00 
5 25 59.56 
7 45 57.67 
9 55 36.88 
11 10 56.64 
12 25 56.39 
13 26 56.30 
14 25 56.14 
15 40 56.02 
16 28 35.84 
19 13 35.67 
21 00 55.45 
22 06 55.49 
24 13 55.38 
25 33 33.33 
27 11 35.26 
28 28 55.25 
30 14 35.15 
33 00 BEGIN PUMPING 
33 18 53.28 
34 21 37,90 
34 36 38.16 
35 08 59.25 
35 35 59.80 
36 15 60.55 
36 40 60.80 
37 08 61.08 
37 38 61.29 
39 12 61.80 
40 45 62.17 
41 50 62.41 
44 10 62.66 
Time Depth to Water 
:Minutes Feet 
45:00 62 = 75 
46:04 62.84 
47:17 62.92 
48:20 62.93 
48:59 62.93 
30:15 63.00 
50:55 63.01 
51:35 63.03 
53:00 63.08 
53:40 63.07 
54:45 63.17 
57:05 63.17 
58:20 63.17 
63:58 63.45 
65:05 63.44 
82:03 63.53 
88:22 63.61 
93:30 63.64 
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City of Ames 
Test Pumping Data 
Pumped Wells: No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: Obs. Well No. 4, m = 61 feet 
Date: March 1-4, 1970 
Time Depth to Water 
Hour:Minutes Feet 
1 40 65.66 
2 48 65.79 
4 30 62.45 
5 15 61.06 
7 38 59.27 
10 08 58.52 
11 21 58.35 
12 30 58.22 
13 32 58.09 
14 31 58.05 
15 47 57.84 
16 33 57.80 
17 50 57.75 
19 17 57.74 
21 07 57.66 
22 11 57.57 
24 16 57.54 
25 36 57.44 
27 15 57.36 
28 31 57.31 
30 17 57.32 
32 55 57.08 
33 00 BEGIN PUMPING 
34 06 61.30 
34 10 61.24 
34 55 62.37 
35 01 62.55 
35 32 63.15 
36 12 63.70 
36 35 63.90 
37 04 64.20 
37 34 64.32 
39 16 ^/. c.n m v /  
40 50 64.83 
Time Depth to Wi 
Hour;Minutes Feet 
41:53 65.07 
44:14 65.27 
45:05 65.25 
46:11 65.33 
47:20 65.40 
48:25 65.39 
49:10 65.40 
50:20 65.49 
51:00 65.46 
51:40 65.50 
53:05 65.49 
53:45 65.51 
54:50 65.49 
57110 65.49 
64:05 65.71 
65:09 65.76 
82:06 65.79 
88:26 64.80 
93:40 65.98 
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City of Ames 
Test Pumping Data 
Pumped Wells: No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: Obs. Well No. 5, m = 54 feet 
Date: March 1-4, 1970 
Time Depth to Water Time Depth to Wa 
Hour :Minutes Feet Hour:Minutes Feet 
1 30 54.51 34 10 50.50 
2 42 54.58 34 19 50.75 
4 00 52.43 34 29 51.16 
5 10 49.63 34 37 51.32 
6 49 49.00 34 38 51.58 
8 35 47.54 35 05 51.91 
9 40 47.25 35 15 52.09 
10 40 47.08 35 31 52.25 
11 33 47.01 35 45 52.50 
12 28 46.88 36 00 52.63 
13 23 46.81 36 17 52.79 
14 13 46.67 36 34 52.96 
14 50 46.65 36 50 53.00 
15 43 46.61 37 06 53.16 
16 28 46.52 37 27 53.25 
18 35 46.53 37 42 53.40 
20 21 46.48 38 21 53.50 
22 12 46.42 38 59 53.70 
23 14 46.45 40 23 53.90 
24 05 46.35 43 57 54.22 
25 03 46.31 44 47 54.29 
25 55 46.28 46 00 54.37 
26 36 46.29 47 00 54.34 
27 53 46.20 48 31 54.46 
28 44 46.15 49 49 54.40 
30 35 46.07 51 25 54.45 
32 52 45.58 53 20 54.45 
33 00 BEGIN PUMPING 54 36 54.45 
56 42 54.49 
33 09 45.60 57 36 54.54 
33 20 47.09 58 58 54.54 
33 28 47.50 59 39 54.58 
33 36 48.25 60 59 54.60 
33 49 48.83 61 57 54,62 
33 59 50.16 62 37 54 56 
12k 
Obs. Well No. 5 continued. 
Time 
HouriMinutes 
Depth to Water 
Feet 
63:39 
64:30 
65:19 
82:27 
89:00 
93:53 
54.68 
54.69 
54.74 
54.70 
54.78 
56,25 
Time 
HouriMinutes 
Depth to Water 
Feet 
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City of Ames 
Test Pumping Data 
Pumped Wells: No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: Obs. Well No. 6, m = 64 feet 
Date: March 1-4, 1970 
Time Depth to Water 
Hour : Minute s Feet 
1 23 56.00 
2 37 56.05 
3 55 56.00 
5 05 54.78 
6 45 53.90 
8 30 53.66 
9 35 53.51 
10 35 53.33 
11 28 53.24 
12 25 53.17 
13 19 53.11 
14 09 53.07 
14 46 53.00 
15 40 53.00 
16 23 52.96 
18 30 52.98 
20 17 52.86 
22 18 52.84 
23 10 52.91 
23 58 52.82 
24 59 52.75 
25 50 52.75 
26 32 52.73 
27 48 52.68 
28 40 52.65 
30 30 52.45 
32 58 52.00 
33 00 BEGIN PUMPING 
33 16 52.00 
33 23 51.75 
33 32 51.50 
33 40 52.50 
33 52 52.60 
34 04 52.65 
Time Depth to Water 
Hour:Minutes Feet 
34:14 52.80 
34:25 53.33 
34:33 53.50 
34; 44 53.66 
34:54 54.00 
35:09 54.25 
35:21 54.33 
35:34 54.50 
35:49 54.63 
36:04 54.75 
36:23 54.75 
36:39 54.75 
36:55 54.91 
37:12 54.91 
37:37 55.25 
37:50 55.30 
38:24 55.45 
39:04 55.50 
40:39 55.50 
43:52 55.90 
44:43 55.88 
45:55 55.86 
46:56 55.91 
48:27 55.94 
49:44 55.90 
51:20 55.98 
53:16 56.02 
54:23 56.05 
56:23 56.00 
57:31 55.99 
58:54 56.03 
59:55 56.06 
60:55 56.10 
61:53 56.10 
62:33 56.07 
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Obs. Well No. 6 continued., 
Time 
HouriMinutes 
Depth to Water 
Feet 
63:36 
64:27 
65:16 
83:35 
89:05 
94:10 
56.15 
56.16 
56.20 
56.11 
56.27 
56.40 
Time 
Hour :Minutes 
Depth to Water 
Feet 
Pumped Wells: 
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City of Ames 
Test inimping Data 
No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: Obs. Well No. 8, m = 22 feet 
Date: March 1-4, 1970 
Time Depth to Water Time Depth to Water 
•:Minutes Feet Hour:Minutes Feet 
1:16 13.50 44:37 13.60 
2:31 13.57 45:51 13.55 
3:48 13.57 46:50 13.50 
5:00 13.55 48:21 13.50 
6:37 13.60 49:36 13.51 
8:25 13.61 51:12 13.49 
9:30 13.58 53:10 13.38 
10:30 13.55 54:18 13.38 
11:34 13.58 56:31 13.42 
12:20 13.55 57:25 13.41 
13:14 13.53 57:48 13.37 
14:05 13.55 59:29 13.38 
14:43 13.52 60:51 13.36 
15:35 13.53 61:48 13.38 
16:18 13.56 62:28 13.37 
18:22 13.63 63:32 13.37 
20:12 13.63 64:22 13.40 
22:02 13.60 65:10 13.37 
23:05 13.59 83:23 13.33 
24:53 13.58 89:12 13.29 
35:43 13.58 94:15 13.26 
26:28 13.59 
27:42 13.58 
28:35 13.56 
30:21 13.50 
33:00 BEGIN PUMPING 
33:00 13.26 
35:00 13.33 
35:30 13.49 
35:55 13.49 
36:23 13.55 
37:40 13.45 
39:10 13.50 
40:39 13.60 
43:45 13.60 
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City of Ames 
Test Pumping Data 
Pumped Wells: No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: Obs. Well No. 10, m = 25 feet 
Date: March 1-4, 1970 
Time 
Hour:Minutes 
Depth to Water 
Feet 
1 02 16.40 
2 20 16.39 
3 40 16.36 
4 46 16.35 
6 28 16.32 
8 14 16.30 
9 24 16.26 
10 20 16.26 
11 16 16.22 
12 07 16.28 
13 09 16.28 
13 57 16.19 
15 25 16.23 
18 07 16.37 
19 58 16.28 
21 50 16.30 
24 43 16.31 
27 25 16.32 
33 00 BEGIN PUÎ-IFING 
33 20 15.75 
34 00 16.05 
35 15 16.17 
36 30 15.65 
37 30 15.23 
39 25 16.20 
40 50 16.20 
43 34 16.10 
46 40 16.00 
50 52 15.85 
54 03 15.86 
58 36 15.84 
61 38 15.80 
64 12 15.80 
83 14 15 SO 
Time 
Hour:Minutes 
Depth to Water 
Feet 
89:24 
94:30 
15.78 
15.72 
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City of Ames 
Test Pumping Data 
Pumped Wells: No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: Obs. Well No. 11, m = 40 feet 
Date: March 1-4, 1970 
Time Depth to Water Time Depth to Water 
Hour:Minutes Feet Hour :Minu tes Feet 
2:00 19.35 38:42 19.47 
3:22 19.71 40:03 19.50 
4:30 19.62 41:31 19.50 
5:45 19.44 44:16 19.54 
8:01 19.40 45:08 19.53 
9:11 19.34 46:18 19.46 
10:11 19.29 47:26 19.53 
11:04 19.14 49:03 19.52 
11:53 19.11 50:22 19.51 
12:58 18.96 51:55 19.59 
13:47 19.17 53:43 19.30 
14:35 19.16 54:52 19.53 
15:15 19.14 57:10 19.52 
16:10 19.12 58:02 19.59 
16:42 19.08 59:18 19.57 
19:06 19.07 59:55 19.61 
20:44 19.15 61:17 19.59 
22:34 19.18 62:15 19.64 
23:40 19.06 62:56 19.67 
24:26 19.11 63:54 19.61 
25:30 19.05 64:48 19.70 
26117 19.09 65:36 19.65 
26:52 19.02 83:02 19.64 
28:21 19.01 87:34 19.64 
30:01 18.95 92:41 19.73 
30:58 18.74 
33:00 BEGIN PUMPING 
35:34 18.82 
36:06 18.96 
36:41 19.15 
3~ : 06 19.11 
37:26 19.16 
37:39 19.15 
37:55 19.19 
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City of Ames 
Test Pumping Data 
Pumped Wells: No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: Staff Gage at Skunk River and 13th Street 
Date: March 1-4, 1970 
Time Depth to Water Time Depth to 
Hour:Minutes Feet Hour:Minutes Feet 
1:11 
2:27 
4:53 
8:20 
12:15 
15:30 
18:13 
20:08 
21:57 
24:48 
27:36 
3.03 
3.01 
3.00 
2.94 
2 .86  
2 .86  
2.87 
2 .86  
2 .86  
2.85 
2.84 
33:00 BEGIN PUMPING 
34:05 
35:10 
36:06 
37:35 
39:15 
43:41 
46:45 
49:27 
54:10 
58:43 
61:43 
64:18 
83:20 
89:15 
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City of Ames 
Test Pumping Data 
Pumped Wells: No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: City Well No. 2, m = 39 feet 
Date: March 1-4, 1970 
Time Depth to Water 
Hour:Minutes Feet 
1:45 60.59 
3:10 60.65 
4:18 58.43 
5:35 56.18 
7:06 56.22 
8:55 54.79 
9:55 54.51 
10:50 54.43 
11:47 54.29 
12:38 54.22 
13:36 54.18 
14:27 54.04 
15:07 54.01 
15:58 53.99 
16:48 53.95 
18:54 53.93 
20:35 53.90 
22:21 53.81 
23:30 53.84 
24:17 53.78 
25:15 53.75 
26:28 53.76 
26:45 53.71 
28:08 53.64 
29:00 53.56 
30:48 53.54 
33:00 BEGIN PUMPING 
33:08 53.70 
33:23 54.70 
33:34 55.50 
33:44 56.00 
33:54 56.50 
34:05 56.80 
34 ; 15 
34:21 56.85 
Time Depth to Water 
Hour:Minutes Feet 
39 40 60.00 
41 13 60.20 
44 07 60.39 
44 58 60.40 
46 09 60.45 
47 12 60.45 
48 49 60.49 
50 05 60.52 
51 43 60.52 
53 31 60.56 
54 36 60.56 
56 56 60.59 
57 52 60.62 
59 07 60.62 
59 47 60.64 
61 08 60.64 
62 05 60.69 
62 46 60.70 
63 46 60.76 
64 39 60.78 
65 28 60.76 
82 17 60.75 
88 35 60.86 
92 36 60.85 
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City of Ames 
Test Pumping Data 
Pumped Wells; No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: City Well No, 5, m = 65 feet 
Date: March 1-4, 1970 
Time Depth to Water 
Hour:Minutes Feet 
1:40 65.63 
3:00 65.69 
4:04 62.56 
5:15 59.94 
6:56 58.58 
8:50 57.91 
9:51 57.60 
10:47 57.46 
11:42 57.37 
12:35 57.30 
13:30 57.22 
14:22 57.15 
15:03 57.07 
15:55 57.03 
16:31 57.00 
18:45 56.96 
20:27 56.91 
22:16 56.80 
23:20 56.85 
24:09 56.82 
25:11 56.75 
26:00 56.75 
26:40 56.73 
28:04 56.64 
28:50 56.61 
30:40 56.57 
33:00 BEGIN PUMPING 
33:14 58.00 
33:28 59.40 
33:39 60.10 
33:50 60.70 
34:01 61.30 
34:09 61.60 
34:18 61.80 
34:26 62.10 
Time Depth to Water 
Hour:Minutes Feet 
34:37 62.40 
34:45 62.60 
35:00 62.90 
35:10 63.10 
35:20 63.30 
35:30 63.40 
35:40 63.50 
35:50 6.360 
36:05 63.80 
36:15 63.90 
36:30 64.00 
36:45 64.10 
37:00 64.20 
37:15 64.30 
37:30 64.35 
38:35 64.65 
40:17 64.95 
41:43 65.00 
44:03 65.28 
44:54 65.24 
46:06 65.33 
47:08 65.37 
48:37 65.37 
49:55 65.42 
51:35 65.50 
53:24 65.46 
54:30 65.44 
56:52 65.47 
57:41 65.51 
59:03 65.49 
59:44 65.54 
61:04 65.58 
62:01 65.60 
62:42 65.64 
63:43 65.64 
64:35 65.65 
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City Well No. 5 continued. 
Time 
Hour;Minutes 
Depth to Water 
Feet 
65:24 
82:23 
88:35 
92:32 
65.69 
65.66 
65.76 
65.79 
Time 
Hour :Minutes 
Depth to Water 
Feet 
13k 
City of Ames 
Test Pumping Data 
Pumped Wells; No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: City Well No, 7, m = 45 feet 
Date; March 1-4,1970 
Time 
Hour;Minutes 
Depth to Water 
Feet 
Time 
Hour:Minutes 
Depth to Water 
Feet 
2:07 48.36 41:20 49.03 
3:25 48.30 43:42 49.11 
4:53 46.45 44:42 49.20 
6:45 45.09 45:44 49.27 
9:03 44.20 46:58 49.33 
10:40 43.97 47:44 49.67 
11:42 43.85 48:40 49.32 
12:46 43.72 49:55 49.26 
13:49 43.59 50:35 49.27 
15:11 43.54 51:15 49.27 
16:03 43.47 52:37 49.28 
16:47 43.46 53:20 49.31 
18:15 43.00 54:20 49.29 
19:32 42.86 57:40 49.33 
21:20 42.96 59:00 49.37 
22:25 42.88 64:32 49.53 
24:25 42.80 65:42 49.54 
25:48 42.74 82:54 49.50 
27:24 42.77 90:06 49.59 
27:44 42.78 92:24 49.63 
30:28 42.78 
33:00 BEGIN PUMPING 
33:13 43.08 
33:31 44.15 
33:50 45.20 
34:28 46.13 
35:22 47.16 
35:52 47.48 
36:27 47.80 
36:50 47.98 
37:19 4S.15 
37:31 48.16 
37:44 48.14 
38:40 48.63 
39:45 48.82 
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City of Ames 
Test Pumping Data 
Pumped Wells : No. 9 at 887 gpm 
Mo. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: City Well No, 8, m = 45 feet 
Date : March 1-4, 1970 
Time Depth to Water Time Depth to Wa 
Hour ;Minutes Feet Hour :Minutes Feet 
2 20 48.12 37:35 47.46 
3 40 48.23 37:50 47.51 
4 48 47.45 38:55 47.48 
5 38 46.42 40:07 47.75 
9 20 45.46 41:30 47.92 
10 50 45-20 43:56 48.09 
12 01 45.16 44:45 48.17 
13 05 44.99 45:50 48.13 
13 59 44.98 47! 04 48.09 
15 22 44.80 47:56 48.05 
16 12 44.78 48:50 48.04 
16 57 44.73 50:05 48.06 
18 25 44.67 50:42 48.03 
19 40 44.53 51:22 48.07 
21 30 44.57 51:47 48.11 
22 34 44,42 53:26 48.11 
24 38 44.36 54:27 48.14 
25 55 44.35 57:55 48.21 
27 34 44.29 59:15 48.32 
28 52 44.29 64:45 48.56 
30 36 44.43 66:05 48.57 
32 33 44.82 82:45 48.37 
33 00 BEGIN PUMPING 90:16 48.55 
92:15 48.60 
33 12 44.81 
33 31 34.00 
33 56 45.32 
34 14 45.67 
34 35 45.94 
34 55 46.21 
35 13 46.44 
35 32 46.70 
35 55 46.93 
36 22 47.05 
36 43 47.20 
37 01 47.58 
37 20 47.42 
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City of Ames 
Test Pumping Data 
Pumped Wells: No. 9 at 887 gpm 
No, 10 at 1048 gpm. 
No. 12 at 1077 gpm 
Observation Well: City Well No, 9, m = 64 feet 
Date: March 1-4, 1970 
Time Depth to Water Time Depth to Water 
Hour:Minutes Feet Hour:Minutes Feet 
2:07 62.68 33 07 53.80 
3:30 62.67 33 08 53,90 
4:37 53.70 33 09 54.09 
6:20 51.59 33 10 54.25 
8:45 50.78 33 11 54.39 
9:45 50.57 33 12 54,54 
10:43 49.94 33 13 55.10 
11:37 49.80 33 14 55.22 
12:33 49.75 33 15 55.33 
13:26 49.66 33 16 55.42 
14:18 49.57 33 17 55,51 
14:54 49.50 33 18 55.60 
15:47 49,50 33 19 55.70 
16*35 49.44 33 20 55.80 
18:40 49.41 33 22 56,00 
20:50 49.35 33 24 56.16 
22:39 49.25 33 26 56,37 
23:45 49,20 33 28 56.47 
24:32 49.18 33 30 56.65 
25:32 49.12 33 32 56,85 
26:23 49,15 33 34 57,02 
26:58 49,12 33 36 57,11 
28:27 49.02 33 38 57,24 
30:13 48,99 33 40 57,32 
31:02 48.96 33 45 57.55 
32:57 49.00 33 50 57.82 
33:00 BEGIN PUMPING 33 55 58.04 
34 00 58,28 
33:00 49.00 34 05 58.44 
33:01 52.43 34 10 58.65 
33:02 52.88 34 15 55.50 
23:02 52.76 34 20 58.96 
33:04 52.99 34 25 59.10 
23:05 53.22 34 30 59.22 
33:06 53.47 34 35 59.56 
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City Well No. 9 continued. 
Time Depth to Water Time Depth to Water 
Hour:Minutes Feet Hour:Minutes Feet 
34 46 59.61 
34 55 59.84 
35 05 60.00 
35 15 60.18 
35 25 60.34 
35 35 60.10 
35 45 60.58 
36 00 60.77 
36 15 60.88 
36 30 61.20 
36 45 61.12 
37 00 61.22 
37 15 61.29 
37 30 61.40 
37 45 61.48 
38 00 61.53 
39 54 61.90 
41 06 62.05 
44 24 62.28 
45 15 62.32 
46 25 62.36 
47 32 62.41 
48 08 62.42 
50 31 62.49 
51 31 62.46 
53 50 62.49 
54 57 62.53 
57 17 62.53 
58 09 62.51 
59 23 62.57 
60 02 62.55 
61 23 62.64 
62 21 62.56 
63 02 62.64 
64 00 62.71 
64 52 62.72 
65 43 62.73 
82 33 62.76 
89 50 62.87 
921-45 62.89 
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City of Amos 
Test Pumping Data 
Pumped Wells: No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: City Well No. 10, m = 63 feet 
Date: March 1-4, 1970 
Time 
Hour:Minutes 
Depth to Water 
Feet 
Time 
Hour:Minutes 
Depth to Water 
Feet 
1 52 77.05 33 15 70.05 
3 12 77.17 33 16 70.22 
4 20 55.00 33 18 70.35 
5 10 53.17 33 20 70.49 
6 26 51.32 33 21 70.63 
10 30 50.42 33 23 70.73 
11 30 50.23 33 24 70.84 
12 36 50.14 33 25 70.99 
13 36 50.02 33 30 71.32 
14 36 49.96 33 37 71.76 
15 53 49.85 33 41 71.89 
16 37 49.79 33 46 72.20 
18 00 49.65 33 50 72.39 
19 27 49.61 33 55 72.49 
21 15 49.53 34 00 72.81 
22 21 49.48 34 11 73.14 
24 44 49.40 34 21 73.47 
25 43 49.35 34 22 73.51 
27 19 49.34 34 30 73.72 
28 39 49.26 34 40 73.95 
30 24 49.26 34 50 74.15 
32 49 49.35 35 00 74.36 
33 00 BEGIN PUMPING 35 10 74.52 35 21 74.67 
33 02 67.22 35 30 74.81 
33 04 67.84 35 40 74.92 
33 05 68.47 36 00 75.17 
33 07 68.82 36 23 75.32 
33 08 69.00 36 41 75.48 
33 09 69.22 37 01 75.59 
33 10 69.37 37 20 75.69 
33 10 69.52 37 40 75.80 
33 11 69.62 38 00 75.92 
33 12 69.77 39 34 76.20 
33 13 69.87 41 02 76.42 
33 14 69.98 42 20 76.55 
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City Well No. 10 continued. 
Time Depth to Water Time Depth to Water 
Hour:Minutes Feet Hour : Minute s Feet 
43:28 76.52 
44:22 76.69 
45:10 76.73 
46:45 76.81 
47:26 76.80 
48:30 76.85 
49:45 76.84 
50:25 76.84 
51:03 /C.S7 
52:22 76.85 
53:10 76.92 
54:06 76.88 
57:23 76.93 
58:50 76.96 
62:20 77.15 
63:30 77.17 
82:36 77.20 
89i55 77.32 
92f49 77.40 
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City of Ames 
Test Pumping Data 
Pumped Wells; No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well; City Well No, 11, m = 52.5 feet 
Date: March 1-4, 1970 
Time Depth to Water 
HouriMinutes Feet 
2 15 37.37 
3 35 37.50 
4 50 37.13 
5 13 35.06 
9 12 33.48 
10 47 33.24 
11 57 33.16 
12 53 33.04 
13 54 32.97 
15 17 32.87 
16 07 32.77 
16 54 32.66 
18 20 32.72 
19 39 32.67 
21 25 32.55 
22 31 32.56 
24 33 32.42 
25 53 32.39 
27 28 32.33 
28 48 32.34 
30 33 32.44 
33 00 BEGIN PUMPING 
33 26 33.08 
33 53 33.80 
34 10 34.25 
34 31 34.68 
34 50 34.98 
35 07 35.21 
35 27 35.54 
35 50 35.74 
35 T_'7 36.00 
36 37 36.08 
3Ô 56 36.25 
37 15 36.34 
37 32 36.42 
Time Depth to Water 
Hour :Minutes Feet 
37:45 36.52 
38:49 36.62 
40:03 36.73 
41:23 36.92 
43:50 37.06 
44:40 37.10 
45:48 37.17 
46:02 36.67 
47:50 37.10 
48:45 37.12 
50:00 37.03 
50:40 37.18 
51:20 37.12 
51:45 37.22 
53:23 37.16 
54:25 37.17 
57:50 37.22 
59:09 37.28 
64:40 37.52 
66:00 37.55 
82:50 37.42 
90:13 37.54 
92:21 37.56 
lia 
Pumped Wells: 
City of Ames 
Test Pumping Data 
No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: City Well No. 12, m = 56 feet 
Date: March 1-4, 1970 
Time Depth to Water Time Depth to We 
Hour:Minutes Feet Hour:Minutes Feet 
2 00 77.57 36:26 74.65 
3 20 76.71 36:58 75.10 
L 25 53.85 37:30 75.14 
5 05 52.42 37:50 75.25 
6 30 50.29 39:37 75.67 
10 35 49.35 41:13 76.01 
11 35 49.18 42:25 76.06 
12 40 49.04 43:33 76.02 
13 42 94.00 44:28 76.19 
14 42 48.81 45:20 76.31 
15 58 48.72 46:52 76.30 
16 42 48.67 47:31 76.30 
32 40 48.25 48:35 76.34 
32 50 48.20 49:50 76.32 
33 00 BEGIN PUMPING 50:30 76.32 
51:07 76.40 
33 00 48.40 52:27 76.41 
33 02 67.35 53:13 76.43 
33 04 68.10 54; 12 76.44 
33 05 68.45 57:30 76.45 
33 10 69.20 58:53 76.50 
33 13 69.75 62:25 76.55 
33 20 70.45 63:35 76.57 
33 25 70.80 82:40 76.60 
33 35 71.35 90:00 76.96 
33 40 71.65 92:53 77.02 
33 45 72.15 
34 00 72.25 
34 02 72.65 
34 15 72.85 
34 32 73.35 
34 45 73.60 
35 00 73.90 
35 15 74.15 
35 47 74.45 
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City of Ames 
Test Pumping Data 
Pumped Wells: No. 9 at 887 gpm 
No. 10 at 1048 gpm 
No. 12 at 1077 gpm 
Observation Well: City Well No. 13, m = 53 feet 
Date: March 1-4, 1970 
Time Depth to Water 
Hour:Minutes Feet 
1:55 48.85 
3:16 48.90 
4:35 46.18 
5î40 44.48 
7:55 43.34 
9:03 43.12 
10:02 42.89 
10:57 42.80 
11:57 42.71 
12:48 42.64 
13:41 42.58 
14:30 42.50 
15:11 42.43 
16:05 42.39 
16:39 42.33 
19:01 42.41 
20:40 42.37 
22:30 42.33 
23:34 42.29 
24:21 42.25 
25:25 42.21 
26:13 42.21 
26:48 42.17 
28:17 42.10 
30:06 42.02 
30:52 42.03 
33:00 BEGIN PUMPING 
33:18 43.87 
33:35 43.837 
33:57 46.08 
34:52 46.24 
35:28 46.66 
35:58 47.00 
36:32 47.14 
Time Depth to Water 
HourrMinutes Feet 
36:56 47.32 
37:22 47.49 
37:34 47.49 
37:50 47.55 
38:26 48.05 
40:10 48.25 
41:37 48.35 
44:12 48.50 
45:02 48.50 
46:13 48.58 
47:20 48.56 
48:57 48.58 
50:14 48.66 
51:52 48.62 
53:39 48.68 
57:05 48.69 
57:57 48.65 
59:13 48.71 
59:52 48.73 
61:12 48.72 
62! 10 48.78 
62:51 48.80 
63:50 48.85 
64:45 48.84 
65:32 48.85 
82:58 48.88 
89:40 48.99 
92:28 49.02 
143 
APPENDIX E: DRAWDOWN CURVES FOR THE NON-EQUILIBRIUM SOLUTION 
OF THE AQUIFER CONSTANTS 
DRAWDOWN CURVE 
OBSERVATION WELL # 1 
oooo 
Dischange by , 
the ISU Water-i 
Plant (gpm) ,! 
Time (Min.) 1000 
I 
3 
1 U 
n 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
DRAWDOWN CURVE 
OBSERVATION WELL # 3 
Ah = 6.6 
4» 
Discharge by 
500 the ISU Water 
Plant (gpm) 
100 
Time (Min. 1000 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
DRAWDOWN CURVE 
OBSERVATION WELL # 4 
OOcPOl 
Discharge by . 
the ISU Water-
Plant (gpm) 
g 
100 Time (Min.) I 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 11 
i ! 
DRAWDOm CURVE 
OBSERVATION WELL û 5 
ooOo 
0 100 
Time (Min.) 
g 
1000 
_L i 
DRAWDOWN CURVE 
OBSERVATION WELL # 6 
.r: 
>2 
0 
1 3 
u 
o 
A h = 
»oo o 
10 100 Time (Min.) 1000 
DRAWDOWN CURVE 
CITY WELL # 2 
!pia_o-o 
(Min.) rime 
S 
i -
I 
i  
i_Li 
o > 
Time (Min.) 
• I 
1 _i. _ 1 I 
DRAWDOWN VURVE 
CITY WELL # 5 
T :/! I • -I 
- \ 
Tl-
1.., 
j?0 ODO io Ooo «6 
-1 
000 
0 
-1 
N 
u L 
DRAWDOWN CURVE 
CITY WELL # 7 
-  I - -
0 0® qo . a 
-1—"-T 
-t-
-- I 
Time (Min.) 1000 
• I  
-I 
- t 
• - t 
ro 
.tl 1 
X'i 
sF 2 
I 
1 3 
M O 
DRAWDOWN CURVL, 
CITY WELL # 8 
—t 
large by 
the ISU Water 
Plant (jgpm) 
4 r" 
VjJ 
Time (Min.) 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
DRAWDO™ CURVE 
CITY WELL # 9 
\o 
Time (Min.) lOUO 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
DRAWDOWN CURVE 
CITY WELL # 10 
Q Q 
p d 
Time (Min. 100 
i X! 
S h o 
T 
t 
; 
- j - j T" 
• i 
1 
i 
! 4 
— 
- - -
- -
; DRAWDOWN CURVE 
; CITY WELL #11 ; ^ 
t 1 
. ^ ! 
I 
1 
— • 1 -
1 
! 
i - --
i' v : 
1 
" ) 
1' — — — 
• - - i - -1 — 1 " 
' -I-
• •  
. .  
c 
\ 
y 
o 
'o o c 
— 1 
; - - ! 
— 
:: 
— 
X 
i j 
o oq 1 
- -  -  -
— 
— 
i ^ 
1 
> i 
-
- •  -
i 
i 
" • i : • 
- f : 
^—1 
. 
—T 
1 t 
i 
— — 
! 
i 
i 
1 i 1 — 
-
1 
1 
i • 
i . 
1 
| -
-
' .. I I I..I— III! 
Time (Min. ) ioOO 
19 
20 
21  
2 2  
23 
24 
25 
26 
27 
28 
29 
• 5 DRAWDOWN CURVE 
CITY WELL # 12 
L 
botp o 
10 
Time (Min.) 100 1000 
S 
û 
1 
U 
•H 
.a 
I 
.03 
s 
'û 
Cl 
6 
7 -
to 
I ! 
% [3 Ooc 
DRAWDOWN CURVE 
C I T Y  W E L L  # 1 3  
1  i  
-4-
• I ' 1 
\ 
'°°ooa^ 
00 
J L 
Time (Min.) 
1000 
1$9 
APPENDIX F: NON-EQUILIBRIUM SOLUTION OF 
PUMPING TEST DATA COLLECTED FOR OBSER­
VATION WELL #7 
Jacob's non-equilibrium solution of formation constants (explained in 
Pages 53 to 5 5 to this thesis) is based on the assumption that the value of 
u of the exponential integral W(u) is small. Todd (1964) explains that "the 
straightline approximation for this method should be restricted to values of 
u less than about 0.01 to avoid large errors". In the case of observation 
well Number 7 value of u exceeds the above limit and Theis method of solu­
tion which is not restricted to small values of u should be followed. 
Theis (1953) approximate solution of the aquifer constants is based on 
a graphical method of superposition. A plot on lograrithmic paper of W(u) 
versus u, known as a "type curve" is prepared. Values of drawdown h^-h are 
2 
also plotted against values of r /t on lograrithmic paper of the same size 
as for the type cur^/e. The data curve is then superimposed on the type 
curve, keeping the co-ordinate axes of the two curves parallel, and adjust­
ed until a match point is found. Values of W(u) versus u are tabulated in 
most test books relar.ed to hydrogeology (Davis and DeWeist 1967, p. 216). 
Pumping test data for the observation well Number 7 are listed in Table 5. 
Drawdown values listed in this table are extracted from a graph drawn by an 
authomatic recording gage during the pumping test (this graph is represent­
ed in p. 43). 
From the type cur-ve: u = 0.30 
w(u) = 0.92 
From the data curve; hQ-h = 0.21 ft, 
r^/t = 1.1 X 10° ft^/day 
160 
Therefore, ^ ^ . (1U.6) (3000) (O.M) . , ,pa/fc. 
o 
s . -.H3_ . 0.3 X 1.506.000 . ^ 
1.87r /t 1.87 X 1.1 x 10 
T h e  storage coefficient for this observation well is in the range of an un-
confined aquifer and the extremely high transmissibility calculated is at­
tributed to the effect of the Skunk River as a positive boundary. These 
values are not in line with other data collected and therefore are not real­
istic. 
Table 5. Puiaping test data for observation well #7 
Q = 300 gpm r = 3750 + 3225 + 2925 ^ ggoO ft. 
Time since purr.pi "S Drawdown r ^ / t  
bcKan, t 
M in. davs ft. ft^/day 
0  0.00 0 
6 0  4.17 X  10-2 0.08 2.16 X  10® 
12( 1  8.33 X  lO"^ O . I S  1.30 X  10^ 
LbO 1.25 X  lO"^ 0.26 8.71 X  10^ 
240 1.67 X  lO'^ 0.31 6.52 X  10^ 
300 2.08 X  lO"^ 0.36 5.24 X  10^ 
360 2.50 X  l O " ^  0.38 4.36 X  l o '  
420 2.92 X  l o " ^  0.40 3.73 X  10^ 
480 3.33 X  i c ' i  0.43 3.27 X  10^ 
540 3 . 7 5  X  l o " ^  0.45 2.90 X  10^ 
! ; ( i O  4.17 X  l o ' ^  0.46 2.61 X  10^ 
600 4.58 X  l o " ^  0.46 2.38 X  10^ 
7 2 0  n n  V l o " ^  0.46 2.17 X  10^ 
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10^ rVt(f t^/day) 
Data Curve 
